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ABSTRACT 
This r epor t  discusses i n  d e t a i l  f indings  and observations 
of 5 years  of research on the  sea  o t t e r  population and i ts 
re la t ionsh ip  t o  t h e  nearshore marine environment i n  California.  
I n i t i a l  e f f o r t s  were di rec ted  a t  providing some r e l i e f  t o  the  
commercial abalone f i she ry  i n  the  Cambria - Point  Estero a rea  
nor th  of Morro Bay. This f i she ry  has subsequently collapsed 
along with o the r  commercial and spor t  abalone and spor t  crab 
f i s h e r i e s  throughout the  s e a  o t t e r ' s  range due t o  contifiued 
sea  o t t e r  foraging. Capturing, tagging and t rans locat ion 
s tud ies ,  censusing s tudies ,  examination of sea  o t t e r  remains, 
h a b i t a t  surveys, food hab i t s  observations and s tud ies  on o t t e r s  
i n  c a p t i v i t y  provide a broad base of information on the  expand- 
i n g  sea  o t t e r  population i n  Ca l i fo rn ia  and i ts  e f f e c t s  on 
resources u t i l i z e d  by man. Reconnuendations f o r  sea o t t e r  
management consis tent  with e s t h e t i c ,  r ec rea t iona l ,  and com- 
mercial  uses of marine resources a r e  included i n  t h i s  repor t .  
CONTENTS 
Research Activities and Results - - - - - - - - - - - - - - - - - 8 
Capturing, Tagging and Translocation Studies - - - - - - - - 11 
Gear Development - - - - - - - - - - - - - - - - - - - - 12 
Capture Gear - - - - - - - - - - - - - - - - - - - 12 
Tagging Gear - - - - - - - - - - - - - - - - - - - 1 It 
Summary of Capture and Disposition of Sea Otters - - - - - - 1 4  
Gill Net Operations - - - - - - - - - - - - - - - - - - 1 4  
Diver-Held Capture Device Operations - - - - - - - - - - 16 
Translocation Within the Range - - - - - - - - - - - - - - - 16 
Survey for Extralimital Translocation Sites - - - - - - - - - 17 
Consideration of Sonic Barriers - - - - - - - - - - - - - - - 18 
Population Dynamics - -  - -  - - - - - -  - -  - - - - - -  - -  - 18 
('ensusing Studies - - - - - - - - - - - - - - - - - - - 1 9  
Population Estimates - - - - - - - - - - - - - - - - - - 2 0 
Range Expansion - - - -  - - - -  - -  - - -  - - -  - - -  - 2 1 
Distribution - - - - - - - - - - - - - - - - - - - - - - 2 2 
Population Densities - - - - - - - - - - - - - - - 22 
Sexual Segregation - - - - - - - - - - - - - - - - 32 
Age Groupings - - - - - - - -  - - -  - - - - -  - -  - 3 5 
Movements - - - - - - - - - - - - - - - - - - - - - 39 
Examination of Sea Otter Remains - - - - - - - - - - - - - - 4 0 
Numbers and Locations of Carcass Recoveries - - - - - - 4 0 
Sex and Age Composition of Carcasses - - - - - - - - - - 4 4  
Cause of Death - - - - - - - - - - - - - - - - - - - - -  44  
Other Scientific Studies of Remains - - - - - - - - - - 4 9 
Taxonomy - - - - - - - - - - - - - - - - - - - - - 49 
Anatomy and Physiology - - - - - - - - - - - - - - 4 9 
Environmental Contaminants - - - - - - - - - - - - 50 
Parasites - - - - - - - - - - - - - - - - - - - - - 5 3 
Ecological Studies - - - - - - - - - - - - - - - - - - - - - 5 4  
Habitat Surveys - - - - - -  - - - - - - - -  - -  - -  - -  5 4  
Food Habits Studies - - - - - - - - - - - - - - - - - - 5 5 
Pico Creek - - - - - - - - - - - - - - - - - - - - 56 
Point Ester0 - - - - - - - - - - - - - - - - - - - 5 8 
Cayucos Point - - - - - - - - - - - - - - - - - - - 60 
Atascadern State Beach - - - - - - - - - - - - - - 6 2 
Point Bucllon - - - - - - - - - - - - - - - - - - - 62 
Food Habits Discussion - - - - - - - - - - - - - - 6 3 
Studies on Otters in Captivity - - - - - - - - - - - - - - - 6 7 
Summary and Conclusions - - - - - - - - - - - - - - - - - - - - - 6 9 
Appendix I. Data Documenting the Sea Otter - Abalone Fishery 
Resource Conflict - - - - - - - - - - - - - - - - - - - - - - 7 8 
Appendix 11. Sea Otter Density Calculation Data - - - - - - - - - 90 
ACKNOWLEDGMENTS 
We wish t o  extend our  thanks t o  a l a r g e  number of persons,  both in- 
s i d e  and o u t s i d e  t h e  Department, whose a s s i s t a n c e  has  made.various phases 
of t h e  research  poss ib l e .  
Many Department co l leagues  have con t r ibu ted  t o  t h i s  work. Melvyn 
Odemar, t h e  i n i t i a l  p r o j e c t  l eade r ,  and h i s  a s s i s t a n t ,  Kenneth Wilson, 
provided t h e  e a r l y  d i r e c t i o n  f o r  t h e  research .  Wilson provided con t inu i ty  
t o  research  a c t i v i t i e s  i n  an i n t e r i m  per iod  when Odemar l e f t  t h e  p r o j e c t  
i n  J u l y  1970 and t h e  s e n i o r  au thor  took over  i n  October 1970. Wilson 
o r ig ina t ed  the  idea  f o r  t he  diver-held s e a  o t t e r  cap tu re  device.  When 
he was promoted t o  t he  ~ e p a r t r n e n t ' s  new ke lp  r e s t o r a t i o n  p r o j e c t  i n  May 
1972, the  j u n i o r  au thor  t r a n s f e r r e d  t o  t he  p r o j e c t .  Both Odemar and 
Wilson continued t o  be sources of advice  and information.  The i n t e n s i v e  
s e r i e s  of a e r i a l  censuses was made p o s s i b l e  through the  s k i l l  of t h e  
Department's Warden-Pilots, Leo Singer  and Robert Powers. Singer  served 
a s  p i l o t  on most of t h e  censuses while  Powers was p i l o t  on t h r e e  e a r l y  
f l i g h t s .  Ass i s t i ng  wi th  a e r i a l  censusing on t h r e e  sepa ra t e  occasions 
were Reinhold Banek, Russe l l  Goodrich and Daniel M i l l e r .  Glen Bickford, 
Ea r l  Ebert and Dennis Judson a s s i s t e d  Odemar and Wilson with e a r l y  t rapping ,  
tagging and t r a n s l o c a t i o n  a c t i v i t i e s .  Departmental d i v e r s  who a s s i s t e d  
with va r ious  phases of t h e  diver-held cap tu re  device  ope ra t ions  were: 
Ea r l  Eber t ,  Daniel Go t sha l l ,  James Hardwick, Robert Hardy, Randolph Kelly,  
Robert Lea, Melvyn Odemar, Steven Schul tz ,  C l i f f o r d  W i l l i s  and Kenneth 
Wilson. Information from Po in t  Es te ro  d iv ing  surveys was provided by 
Richard Burge and Ea r l  Ebert .  Ebe r t ' s  knowledge of s e a  o t t e r  food h a b i t s  
and e f f e c t s  of o t t e r s  on resources  used by man has  been a  va luab le  source 
of information.  F i e l d  observa t ions  of sea  o t t e r  behavior  and food h a b i t s  
were conducted by Dennis Judson, Susan Summers and Lawrence Wade. Frank 
Hubbard and John McKenzie helped with pub l i c  information a s p e c t s  of t he  
p r o j e c t  which have been cons iderable .  Jack Linn coordinated p e s t i c i d e  
t e s t i n g  of sea  o t t e r  t i s s u e s  and Stanley Katkansky and Ronald Warner ran 
some pa thologica l  t i s s u e  examinations. Doyle Gates and Harold Orcut t  
maintained c l o s e  contac t  wi th  the  p r o j e c t  and o f f e r e d  encouragement and 
many h e l p f u l  suggest ions.  Nancy Durel l  typed t h e  manuscript. 
A cons iderable  amount of he lp  was provided from o u t s i d e  the  Depart- 
ment. Much e a r l y  a s s i s t a n c e  wi th  observa t ions  of t r ans loca t ed  o t t e r s  and 
o the r  f i e l d  work by s e v e r a l  observers  was coordinated by the  l a t e  Richard 
Peterson of t h e  Un ive r s i t y  of Ca l i fo rn i a ,  Santa Cruz, under n grant  from 
the  Owings Foundation. A s s i s t i n g  wi th  t h e  necropsy program and processing 
of remains were Richard Hubbard, B io log ica l  Sonar I ,aboratory, Fremont; 
Aryan Roest, Ca l i fo rn i a  S t a t e  Poly technic  Univers i ty ;  G. Victor  Morejohn 
and David Lewis, Moss Landing Marine Labora tor ies  (MLML); and James Matti- 
son, Sa l inas  surgeon. Addi t iona l  c o n s u l t a t i o n  on necrops ies  was provided 
by L. D. Howard, r e t i r e d  surgeon, and P e t e r  Morse, Gerald Petkus,  and 
Thomas Williams, v e t e r i n a r i a n s .  Examination of t i s s u e s  f o r  environmental 
contaminants was conducted by John Martin,  PILML, P h i l i p  Murphy and James 
Rote of Hopkins Marine S t a t i o n ,  and Stanton Shaw, formerly of IWS. Rich- 
a rd  Hubbard coordinated i n i t i a l  cap t ive  sea  o t t e r  s t u d i e s  a t  the  Bio logica l  
Sonar Laboratory. Various personnel at  Sea World, San Diego, assisted 
with capturing, transporting and maintenance of otters a t  Sea World for 
additional captive studies, particularly John Sweeney and Peter Schroeder, 
veterinarians, and James Antrim, head keeper. 
To a l l  of the above and those no.t mentioned, we extend our grateful 
appreciation. 
PAUL W. WILD 
JACK A. AMES 
FOREWORD 
The Department of F i sh  and Game Sea O t t e r  Research P r o j e c t  was i n i -  
t i a t e d  i n  J u l y  1968 i n  response t o  recommendations i n  a  r e p o r t  presented 
t o  t h e  L e g i s l a t u r e  i n  January 1968. The r e p o r t ,  reques ted  by Senate  Con- 
cu r r en t  Resolut ion No. 74, 1967 L e g i s l a t i v e  Session,  w a s  e n t i t l e d  "Report 
on t h e  %a O t t e r ,  Abalone and Kelp Resources i n  San Luis  Obispo and Monterey 
Counties and Proposa ls  f o r  Reducing t h e  C o n f l i c t  Between t h e  Commercial 
Abalone Indus t ry  and t h e  Sea O t t e r  ( B i s s e l l  and Hubbard, 1968)." The re- 
p o r t  e s t a b l i s h e d  t h e  g u i d e l i n e s  and d i r e c t i o n  f o r  t he  Sea O t t e r  Research 
P ro jec t .  , A two-phase approach w a s  recommended c o n s i s t i n g  of an i n i t i a l  
three-yehr-phase t o  ga the r  information necessary  f o r  con f iden t ,  s a f e  man- 
agement of t h e  sea  o t t e r  and t o  provide  a measure of r e l i e f  t o  t h e  commer- 
c i a l  abalone f i s h e r y ;  and a subsequent cont inuing  phase based l a r g e l y  on 
information gained dur ing  t h e  f i r s t  phase. 
The p r o j e c t  w a s  s t a f f e d  wi th  two marine b i o l o g i s t s ,  an Assoc ia te  Marine 
B io log i s t  a s  p r o j e c t  l e a d e r  and an A s s i s t a n t  Marine B io log i s t .  Approxi- 
mately 4 t o  6 man-months of temporary he lp  per  year  a l s o  were provided. 
I n  t h e  in te r im,  f e d e r a l  l e g i s l a t i o n ,  r e s u l t i n g . i n  t h e  Marine Mammals 
P ro t ec t ion  Act of 1972, has  placed sea  o t t e r s  under t h e  j u r i s d i c t i o n  of 
t h e  U. S. Department of I n t e r i o r .  This  f e d e r a l  l e g i s l a t i o n  precluded t h e  
s t a t e  from implementing management of s ea  o t t e r s  and t r app ing  and tagging 
opera t ions  i n  progress  were terminated on December 21, 1972, t h e  e f f e c t i v e  
d a t e  of t h e  Marine Mammals P r o t e c t i o n  Act. Implementation of a  management 
p lan  f o r  s ea  o t t e r s  and con t inua t ion  of research  now depends on ob ta in ing  
a  permit from t h e  Department of I n t e r i o r .  
This r e p o r t  con ta ins  r e s u l t s  of t h e  p r o j e c t ' s  research  a c t i v i t i e s  
and management recommendations f o r  s ea  o t t e r s  c o n s i s t e n t  wi th  b e n e f i c i a l  
uses  of l i v i n g  marine resources .  
INTRODUCTION 
The Cal i fornia  sea o t t e r  p e l t  t r ade  and subsequent over-exploitation 
of sea o t t e r s  da tes  back a t  least t o  1786 under Spanish rule and soon in- 
cluded f u r  t r a d e r s  of many n a t i o n a l i t i e s .  Due t o  extens ive  unregulated 
harvesting, sea  o t t e r  populations declined t o  low l e v e l s  throughout t h e i r  
range by the  mid 1800'9 and t h e  species  was near ly  e x t i n c t  i n  Cal i fornia  
a t  t h e  turn  of t h e  Twentieth Century. 
Protec t ion was provided sea  o t t e r s  by the  In te rna t iona l  Fur Seal  
Treaty of 1911 which prohibi ted  the  taking of sea o t t e r s  and f u r  seals. 
Cal i fornia  laws p roh ib i t ing  taking o r  possessing sea o t t e r s  o r  t h e i r  sk ins  
have been i n  e f f e c t  s ince  1913. A s  f u r t h e r  p ro tec t ion  aga ins t  shooting, 
the  Cal i fornia  Sea O t t e r  Game Refuge was  es tabl ished i n  1941; possession 
of f irearms is  prohibi ted  within the  Refuge. I n i t i a l l y  t h e  Refuge included 
the  por t ions  of Monterey County ly ing  w e s t  of Highway 1 between Malpaso 
Creek and Swiss Canyon Arroyo and between Castro Canyon and Dalan Creek 
(Figure 1 ) .  I n  1959 t h e  Sea O t t e r  Game Refuge was expanded t o  include a l l  
t h a t  land ly ing  w e s t  of Highway 1 between the  Camel River on t h e  nor th  
and Santa Rosa Creek a t  Cambria on the  south. 
With f u l l  protec t ion,  t h e  sea o t t e r  population i n  Cal i fornia  has  made 
a remarkable recovery. From a remnant of a few animals i n  the  v i c i n i t y  of 
Point  Sur a t  the  t u r n  of t h e  century, t h e  sea  o t t e r  population has increased 
t o  an  estimated 1,600 t o  1,800 animals i n  1973. During t h i s  t i m e  sea  o t t e r s  
have extended t h e i r  range from a small area  along t h e  Big Sur coast  both t o  
t h e  nor th  and south. Based on recent  observations, t h e  population now ranges. 
from t h e  v i c i n i t y  of Santa Cruz, Santa Cruz County, t o  t h e  v i c i n i t y  of Point  
Buchon, San Luis Obispo County (Figure 2) .  
A s  sea o t t e r s  increased i n  numbers and extended t h e i r  range, a resource 
c o n f l i c t  developed between abalone fishermen and t h e  sea  o t t e r  i n  the  com- 
mercial  abalone beds from Cape San Martin t o  Cayucos. Examination of s p o r t  
and commercial abalone ca tch  records and f i she ry  h i s t o r y  i n  context with 
the  sea  o t t e r ' s  expanding range documents t h i s  c o n f l i c t  (Appendix I). The 
r e s u l t  has  been t h a t  extensive spor t  and commercial abalone f i s h e r i e s  and 
spor t  rock crab f i s h e r i e s  have v i r t u a l l y  disappeared i n  the  wake of t h e  
expanding sea o t t e r  population. Concern over these  and o the r  mounting 
problems prompted the  Department of Fish and Game's research on t h e  sea 
o t t e r  population and r e l a t e d  problems. 
In t h i s  repor t ,  we have attempted t o  provide information on t h e  sea  
o t t e r  population and present  and p o t e n t i a l  resource use problems a s  w e l l  
a s  t o  provide t h e  b a s i s  f o r  a r a t i o n a l  so lu t ion  t o  these problems which 
w i l l  assure the continuation of a healthy sea o t t e r  population along the  
Cal i fornia  coas t .  
RESEARCH ACTIVITIES AND RESULTS 
The Sea Otter Research Pro jec t  has used the  recommendations made i n  
the  repor t  t o  t h e  1968 Legis la ture  a s  guidel ines  f o r  t h e  p ro jec t  (see 
I 
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Foreword). 
Based on obse rva t ions  of 15 t o  30 sea  o t t e r s  i n  t h e  no r the rn  p o r t i o n  
of t h e  Cambria-Point Es t e ro  abalone beds i n  1967, i t  was recommended t h a t  
20 o t t e r s  be  t r a n s l o c a t e d  from t h i s  a r e a  and s t u d i e d  i n i t i a l l y ,  i n  an a t -  
tempt t o  provide some r e l i e f  t o  t he  commercial abalone f i s h e r y  s t i l l  
ope ra t i ng  the re .  Addi t iona l  animals  could be  removed i f  t h e  Department 
was conf ident  t he se  ope ra t i ons  would n o t  endanger t h e  spec i e s .  
1 /The fol lowing a c t i o n s  were recommended t o  implement t h e  program:- 
1. Determine when t h e  s e a  o t t e r s  should be t rapped and moved. 
2.  Begin e c o l o g i c a l  and environmental s t u d i e s  t o  determine a r e a s  
t o  which o t t e r s  might be r e loca t ed .  
3. Trap, t a g ,  and t r a n s p o r t  a  l i m i t e d  number of  s e a  o t t e r s .  Develop 
s k i l l s  i n  t rapping ,  t agging  and t r anspo r t i ng .  Gather b i o l o g i c a l  
information from animals trapped. 
4. I n v e s t i g a t e  use  of s o n i c  t a g s  i n  o t t e r  s t u d i e s .  
5. Experiment w i t h  e f f e c t i v e n e s s  of underwater sounds t o  c o n t r o l  
o t t e r  movements. 
6. Begin popula t ion  dynamics s tudy  of  t h e  s ea  o t t e r .  
7 .  Develop a program t o  provide  ca rcas se s  of dead o t t e r s  found on 
t h e  shore  t o  s c i e n t i f i c  i n s t i t u t i o n s  f o r  a d d i t i o n a l  study. 
8. Conduct underwater e c o l o g i c a l  and h a b i t a t  s t u d i e s  i n  a r e a s  of 
a c t u a l  o r  p o t e n t i a l  s e a  o t te r -aba lone  c o n f l i c t s .  
9 .  Make a v a i l a b l e  up t o  s i x  l i v e  o t t e r s  t o  s c i e n t i f i c  i n s t i t u t i o n s  
f o r  s tudy.  
Sea Otter Research P r o j e c t  a c t i v i t i e s  d i r e c t e d  toward accomplishing 
these  recommendations a r e  presen ted  i n  t h e  fo l lowing  s e c t i o n s .  
Captur ing,  Tagging and Trans loca t ion  S tud ie s  
It was decided t h a t  t r app ing  and moving s e a  o t t e r s  should begin a s  
soon a s  adequate  equipment was developed t o  conduct t h e s e  ope ra t i ons .  
Therefore ,  t h e  p r o j e c t ' s  i n i t i a l  s t u d i e s  w e r e  d i r e c t e d  toward developing 
s a f e ,  e f f i c i e n t  t e c h n i q u e s  t o  c a p t u r e ,  h a n d l e  and t r a n s l o c a t e  sea o t t e r s  
and t o  ga the r  b i o l o g i c a l  information from the  animals  t rapped.  
1/ The o rde r  of t h e s e  recommendations a s  they appeared i n  Bissell and Hub- 
bard (1968) has been changed s l i g h t l y  t o  co inc ide  more n e a r l y  wi th  t h e i r  
d i s cus s ion  i n  t h i s  r epo r t .  
Gear Development 
Capture gear. The Department's concern f o r  t h e  welfare of ~ a l i f o r n i a ' s  
sea o t t e r s  provided t h e  b a s i s  f o r  developing t h e  s a f e s t ,  most e f f i c i e n t  
methods f o r  the  captur ing  and handling of sea o t t e r s .  A t  t h e  inception 
of the  program the  p r o j e c t  l eader ,  then Melvyn Odemar, was s e n t  t o  Amchitka 
Is land,  Alaska, t o  observe t h e  capture and handling techniques being employed 
by the  Alaska Department of Fish and Game i n  t h e i r  sea o t t e r  t ransplant ing  
program. 
Our trapping opera t ions  were i n i t i a t e d  i n  e a r l y  January 1969. I n i t i a l  
capture techniques, similar t o  those employed i n  Alaska, u t i l i z e d  f l o a t i n g ,  
unweighted g i l l  n e t s  t o  entangle swimming sea o t t e r s .  The animals w e r e  sub- 
sequently removed from t h e  n e t s  and placed i n  s p e c i a l l y  designed cages when 
t rans locat ion  was being accomplished (Odemar and Wilson, 1 9 6 9 ~ ) .  I n  a l l ,  
17 sea  o t t e r s  w e r e  t rans located  wi th in  the  range from Cambria t o  Big Creek 
i n  1969. I n  addi t ion ,  same animals were tagged and re leased on site.  
During 1969 and 1970, a t o t a l  of 29 sea  o t t e r s  was captured u t i l i z i n g  
the  f l o a t i n g  g i l l  ne t s .  Of the  29, 5 (17%) died of causes t h a t  could be 
d i r e c t l y  a t t r i b u t e d  t o  capture o r  t r ans loca t ion  a c t i v i t i e s .  Since any 
capturing program would only involve a f r a c t i o n  of the  t o t a l  population, 
i t  is  doubtful  t h a t  t h i s  l e v e l  of capture mor ta l i ty  would have any adverse 
b io log ica l  e f f e c t s  on Caifornia ' s  sea  o t t e r  population. Nevertheless, 
t rapping was delayed while inves t iga t ions  continued t o  develop techniques 
t o  reduce such m o r t a l i t i e s .  W e  developed and t e s t e d  a f l o a t i n g ,  ba i t ed  
sea o t t e r  cage and an over-the-kelp net .  Although these  devices could 
reduce mor ta l i ty  s i g n i f i c a n t l y ,  f i e l d  experiments indica ted  t h a t  they were 
not  e f f e c t i v e  f o r  capturing sea o t t e r s .  
Subsequently, a diver-held sea  o t t e r  t r a p  was devised (Figure 3).  A 
s e r i e s  of gear t r i a l s  culminating i n  t h e  capture of one sea  o t t e r  indicated 
t h a t  t h i s  device would provide a s a f e  method f o r  capturing sea  o t t e r s  i n  
a reas  where animals may be approached eas i ly .  These a r i a l s  a l s o  indica ted  
t h a t  t h i s  gear would e l iminate  drowning of o t t e r s  where i t s  use i s  applic-  
able.  The device a l s o  reduces the  amount of stress t o  which an animal is 
submitted because handling is  kept t o  a minimum. 
In l a t e  November 1972 capturing and tagging opera t ions  with the  diver- 
held t r a p  were i n i t i a t e d .  By December 21, 1972, 28 sea o t t e r s  had been 
captured with the  new device. No sea  o t t e r  mor ta l i ty  occurred during the  
capturing operat ions.  The primary cause of death which was drowning i n  
the  n e t s  is  el iminated with t h e  diver-held device. Of the  t o t a l ,  23 were 
tagged and released on s i t e  and 5 were transported t o  Sea World, San Diego, 
f o r  s p e c i a l  s c i e n t i f i c  s tudies .  The f u r  of one of these  animals, a male, 
became so i l ed  during t r anspor t  and the  animal became w e t  t o  t h e  sk in  when 
released i n t o  the  pool a t  Sea World and died of exposure wi th in  a week. 
Capturing opera t ions  were terminated on December 21, 1972, t o  conform 
t o  the  f e d e r a l  Marine Mammals Protec t ion  Act, which became e f f e c t i v e  on 
F I G W  3. The diver-held sea o t t e r  t r a p  is  maneuvered beneath a sea 
o t t e r  r a f t i n g  i n  kelp. Upon encountering t h e  o t t e r  from 
below, t h e  drawstring is  pulled,  thereby c los ing t h e  n e t  
and trappfng t h e  o t t e r .  C02 i n f l a t a b l e  f l o a t s  (uninflated 
i n  p ic tu re )  help t o  support t h e  device at  t h e  surface while 
t h e  boat  a r r ives .  Photograph by Paul W. Wild. 
t h a t  date.  Any f u r t h e r  research on sea o t t e r s  which involves handling t h e  
animals w i l l  now require  a permit from the  U. S. Department of I n t e r i o r .  
Tagging gear. Three sea  o t t e r s  captured during t h e  i n i t i a l  g i l l n e t t i n g  
operat ions were transported t o  Stanford Research I n s t i t u t e ' s  Biological  
Sonar Laboratory, where tagging experiments were undertaken t o  f ind  tags  
t h a t  were permanent, e a s i l y  v i s i b l e  from a d is tance  and non-injurious t o  
the animals. The most s a t i s f a c t o r y  tags  were found t o  be anodized alum- 
inum c a t t l e  e a r  tags.  They a r e  at tached with spec ia l  p l i e r s  through t h e  
webbing of the  o t t e r s '  hind f e e t  and can be coded by color ,  shape and 
number. Sex of t h e  tagged animals i s  designated by placement of tags  
on the  r i g h t  f o r  males and the  l e f t  f o r  females (Figure 4) .  
The use of sonic t ags  t o  f a c i l i t a t e  observations of movement pa t t e rns  
of sea  o t t e r s  was inves t igated  during our tagging s tudies .  Such devices 
were considered unworkable because of d i f f i c u l t i e s  involved i n  a t taching 
t h e  t ags  without harming t h e  o t t e r s  and preventing damage t o  the  d e l i c a t e  
sonic t ransmit t ing  equipment by the  animals. 
Estes and Smith (1973) recent ly  experimented wi th  radio  telemetry 
c o l l a r s  on sea o t t e r s  a t  Amchitka with encouraging r e s u l t s  on animals i n  
capt iv i ty .  However, when animals were released with radio  t r ansmi t t e r s ,  
none could be located a f t e r  a maximum of 3 days. It was thought tha t  the  
radios may have been damaged by o t t e r s  crawling about on rocky shores o r  
from being chewed upon. 
Further at tempts should be made t o  loca te  a sa fe ,  e f fec t ive ,  o t t e r -  
proof tracking device t o  a i d  i n  f i e l d  s tudies .  
Summary of Capture and Disposit ion of Sea Otters 
G i l l  N e t  Operations. 
male sea  o t t e r s  captured a t  Cambria were t rans located  t o  
Big Creek. 
male sea  o t t e r s  captured a t  Cambria were t rans fe r red  t o t h e  
Biological  Sonar Laboratory, Fremont, Cal i fornia .  One died 
a week later. The other  two l ived  near ly  8 months i n  
cap t iv i ty .  
sea  o t t e r s  (one female, two males) drowned during n e t t i n g  
operations at Cambria. 
(Thus, 23 s e a  o t t e r s  w e r e  removed from the  Cambria-Point 
Es  t e r o  area.  ) 
male sea  o t t e r s  w e r e  captured, tagged and re leased a t  
Cambria. 

2 sea o t t e r s  (one male, one female) were captured, tagged and 
released a t  Monterey. 
1 female sea  o t t e r  drowned during capture a t  Monterey. 
Diver-held Capture Device Operations. 
1971 
1 male sea o t t e r  was captured, tagged and released a t  Monterey 
during gear trials with t h e  diver-held capture device. 
m a l e  sea o t t e r s  captured, tagged and released at Cayucos 
Point.  
male sea  o t t e r s  captured, -tagged and released j u s t  nor th  
of Point Estero. 
female sea o t t e r s  captured, tagged and released i n  the  
v i c i n i t y  of Cambria. 
male sea  o t t e r  captured, tagged and re leased off  Cannery 
Row, Monterey. 
female sea o t t e r s  captured, tagged and re leased o f f  D e l  
Monte Beach, Monterey. 
sea  o t t e r s  (2 males, 3 females) captured i n  v i c i n i t y  of 
Monterey (males off  Cannery Row, females off  D e l  Monte 
Beach) and transported to  Sea World, San Diego. One male 
died within a week. The o the r  4 have adapted w e l l  t o  
- cap t iv i ty .  
5 8 Tota l  
Translocation within the  Range 
Translocation within the  sea  o t t e r ' s  range w a s  accomplished during 
January, Apr i l ,  Ju ly ,  and August 1969. During t h i s  period,  a t o t a l  of 
17 sea o t t e r s  was t rans located  from t h e  Cambria area  t o  Big Creek, approxi- 
mately 72 km (45 miles) t o  t h e  nor th ,  i n  an attempt t o  provide a measure 
of r e l i e f  t o  the  commercial abalone f i shery .  
It is of i n t e r e s t ,  however, t h a t  on November 8, 1968, 62 sea  o t t e r s  
had been observed i n  t h e  Cambria-Point Estero a rea  (Wilson, 1968b) and on 
March 10,  1969, a f t e r  t r ans loca t ion  a c t i v i t i e s  had begun, 129 sea  o t t e r s  
were observed i n  the  area (Wilson, 1969a). I n  addi t ion ,  some of the  o t t e r s  
which were t rans located  were subsequently observed back i n  t h e  area.  
The f i r s t  evidence t h a t  o t t e r s  would r e t u r n  t o  t h e  a r e a  of cap tu re  
was the  s i g h t i n g  of a  t r ans loca t ed  o t t e r  o f f  Cambria on September 25, 
1969 (Odemar and Wilson, 1 9 6 9 ~ ) .  On October 12,  1969, four  tagged o t t e r s  
r e l ea sed  a t  Big Creek were s igh ted  about 6 km ( 4  miles )  south of Cambria 
o f f  t h e  Cambria Air Force Radar S t a t ion .  Thus, f i v e  a r e  known t o  have 
re turned  about 72 km (45  mi les )  by water  t o  where they  had been captured.  
I n  a l l  p r o b a b i l i t y ,  more o t t e r s  re turned  than  t h e  approximately 30% t h a t  
were s ighted .  The ca rcas ses  of two o t t e r s  tagged and r e l eased  a t  Big 
Creek i n  Apr i l  and August of 1969 were recovered nea r  Cambria i n  March 
and June of 1970, both nea r ly  11 months a f t e r  r e l e a s e .  Both ca rcas ses  
were s o  badly decomposed when recovered t h a t  i t  was impossible  t o  determine 
cause of death.  Whether o r  n o t  t hese  ca rcas ses  were those of tagged o t t e r s  
spot ted  i n  September and October of 1969 o r  t h e  ca rcas ses  of d i f f e r e n t  
animals cannot be determined a s  t a g  numbers were n o t  ob ta ined  dur ing  the  
o r i g i n a l  s igh t ings .  These s i g h t i n g s  and r ecove r i e s  i n d i c a t e  t h a t  t rans loca-  
t i o n  ac ros s  continuous rocky r ee f  - kelp bed h a b i t a t  is  no t  an e f f e c t i v e  
means of d i s t r i b u t i n g  sea  o t t e r s  w i th in  t h e i r  range t o  c o n t r o l  range expan- 
s ion.  Whether t r ans loca t ed  o t t e r s  w i l l  r e t u r n  ac ros s  long expanses of 
sandy h a b i t a t  a s  r e a d i l y  has no t  been determined by t h e s e  experiments.  
I n  1972, 277 sea  o t t e r s  were observed between Cambria and Cayucos. 
Subsequently, sea  o t t e r s  have extended t h e i r  range south  of Morro Bay, 
where a s  many a s  137 were observed o f f  Po in t  Buchon i n  Apr i l  1973. Thus, 
t he  c h a r a c t e r i s t i c s  of t h e  expanding s e a  o t t e r  populat ion precluded pro- 
v id ing  any r e l i e f  t o  t h e  commercial abalone f i s h e r y  and t h e  d i v e r s  aband- 
oned the  abalone beds no r th  of Morro Bay i n  1971. 
Survev f o r  E x t r a l i m i t a l  Trans loca t ion  S i t e s  
Trans loca t ion  of s ea  o t t e r s  ou t s ide  the  p re sen t  range was suggested 
a s  a  method of providing r e l i e f  t o  t h e  Morro Bay based abalone f i s h e r y .  
I n  add i t i on ,  t he  succes s fu l  es tabl ishment  of d i s c r e t e  s e a  o t t e r  popula- 
t i o n s  would minimize t h e  e x t e n t  of damage t h a t  a  d i s a s t e r  such a s  an o i l  
s p i l l  could cause t o  C a l i f o r n i a ' s  s ea  o t t e r  resource.  
A h a b i t a t  survey of prospec t ive  sea  o t t e r  t r a n s l o c a t i o n  s i t e s  o u t s i d e  
the  present  range was conducted t o  l o c a t e  h a b i t a t  s u i t a b l e  f o r  s e a  o t t e r s  
without a high p o t e n t i a l  f o r  resource  c o n f l i c t s .  
The Ca l i fo rn i a  c o a s t l i n e  and o f f sho re  i s l a n d s  south of Avila  were no t  
considered t o  be s u i t a b l e  f o r  t he  t r a n s l o c a t i o n  of s e a  o t t e r s  because of 
t he  extreme p o t e n t i a l  f o r  resource  c o n f l i c t s  wi th  e x i s t i n g  s p o r t  and com- 
merc ia l  abalone, l o b s t e r ,  and crab  f i s h e r i e s .  
H i s t o r i c a l  records  i n d i c a t e  t h a t  t he  nearshore wa te r s  a long much of 
no r the rn  C a l i f o r n i a ' s  rugged coas t  provided s u i t a b l e  h a b i t a t  f o r  consid- 
e r a b l e  numbers of s ea  o t t e r s .  Two a e r i a l  h a b i t a t  reconnaissance surveys 
were conducted n o r t h  of t h e  sea  o t t e r ' s  range t o  t h e  California-Oregon 
border i n  August and November 1969. These f l i g h t s  were followed by a  
shore survey of t he  Marin County c o a s t l i n e  from Poin t  Bonita t o  Poin t  
Reyes. Information gathered from these surveys included suitability and 
extent of potential habitat, accessibility and public usage. Maps and 
aerial photographs were examined and people familiar with the areas were 
consulted regarding suitability of possible transplant sites. Examination 
of resource use data from the areas surveyed reveals that large scale com- 
mercial fisheries for crabs, oyster farming, and important sport fisheries 
for abalones, clams and scallops occur in these areas. The establishment 
of sea otter populations in the same areas would result in conflicts for 
the use of these resources. 
Results of these surveys and conferences indicated that none of the 
sites in northern California suitable for translocation of sea otters 
would be free from potential conflict with existing resource usage. 
Consideration of Sonic Barriers 
The possibility of developing effective sonic methods to limit sea 
otter movements was discussed at length at a meeting on the Sea Otter - 
Abalone controversy in October 1969 (Donald L. Grunsky, California State 
Senate, transcript of conference on Sea Otter - Abalone Controversy, Moss 
Landing Marine Laboratories, October 2, 1969). A number of experts con- 
tributed infonuation at the meeting: Karl Kenyon, U. S. Fish and Wildlife 
Service, sea otter research; G. Victor Morejohn, Moss Landing Marine Lab- 
oratories, marine mammals expert; Melvyn Odemar, California Department of 
Fish and Game, sea otter research; Thomas C. Poulter, Biological Sonar 
Laboratory, marine mammals expert; and John Vania, Alaska Department of 
Fish and Game, sea otter research. 
The concensus of these authorities was that studies to develop sonic 
barriers to limit sea otter movements would be costly and would most likely 
prove futile in light of existing knowledge of sea otter behavior. Conse- 
quently, the subject of sonic barriers has not been given further considera- 
tion by the project. 
Population Dynamics 
A n  adequate knowledge of sea otter population dynamics is needed to 
understand the characteristics of continued population and range expansion, 
to predict future population trends and to evaluate the effects of sea 
otters on the nearshore environment. These data are also essential for 
making management recommendations for sea otters. Information which is 
needed includes total population estimates and distribution, sex ratios 
and age groupings throughout the range and fluctuations in numbers and 
range expansion. Some of these data have been obtained in the course of 
censusing, capturing and tagging operations for translocation, behavioral 
and physiological studies and from recovery of carcasses found along the 
shore. However, much remains to be learned. 
Information from censusing and cap tu r ing  and tagging ope ra t ions  i s  
discussed i n  t h i s  s e c t i o n  whi le  information from ca rcas s  r ecove r i e s  i s  
included i n  t h e  fol lowing s e c t i o n  on Examination of Sea Otter Remains. 
Censusing Studies  
Bissell and Hubbard (1968) compiled r eco rds  of counts  and observa- 
t i o n s  of s ea  o t t e r s  a long t h e  C a l i f o r n i a  coas t  from 1911 t o  1967. These 
records  confirm t h a t  a t  l e a s t  a few s e a  o t t e r s  p e r s i s t e d  along the  C a l i -  
f o r n i a  coas t  p r i o r  t o  1938 (Bryant, 1915; Farnsworth, 1917; Oyer, 1917). 
Af t e r  a "rediscovery1' of s ea  o t t e r s  i n  1938, t h e r e  were r e p o r t s  of up t o  
150 i n  t he  Poin t  Sur a r e a  (Bolin,  1938). A census by h e l i c o p t e r  i n  1957 
produced a t o t a l  count of 635 sea  o t t e r s  between C a m e l  Bay and San Simeon 
and an a d d i t i o n a l  3 were repor ted  a t  Poin t  Conception (Boolootian, 1961). 
A s e r i e s  of Departmental censuses by plane from 1964 t o  1967 v a r i e d  from 
137 t o  591 sea  o t t e r s  and ind ica t ed  t h a t  t h e  popula t ion  ranged from Monterey 
t o  Cambria by 1967 ( C a r l i s l e ,  1966a, b; 1967a, b ) .  It was thought t h a t  
t h e  populat ion had s t a b i l i z e d  o r  even dec l ined  a t  t h a t  time. 
In  August 1968, t h e  Sea O t t e r  P r o j e c t  began an i n t e n s i v e  s e r i e s  of 
a e r i a l  censuses throughout t he  sea  o t t e r ' s  range t o  e s t ima te  popula t ion  
s i z e ,  document range expansion, and determine d i s t r i b u t i o n  p a t t e r n s .  A t  
t imes a e r i a l  counts  were coordinated wi th  observers  on shore  and i n  boa ts .  
Localized censuses were made a t  o t h e r  t imes t o  provide supplemental da ta .  
I n i t i a l l y  our  a e r i a l  censuses w e r e  conducted from a Departmental 
Cessna 180. Since March 1969, a Departmental twin engine Cessna Super 
Skymaster has been used. Personnel gene ra l ly  included a p i l o t  and two 
biologis t-observers .  A f l i g h t  p a t t e r n  was developed i n  which from one t o  
s e v e r a l  passes  w e r e  made over  a given s e c t i o n  of c o a s t  depending upon t h e  
conf igura t ion  of t h e  s h o r e l i n e  and e x t e n t  of e x i s t i n g  ke lp  beds. A l t i t u d e s  
flown ranged from about 15  t o  168 m (50 t o  550 f t ) ,  depending on nearby 
t e r r a i n  and f l y i n g  condi t ions .  The opt imal  observing and counting a l t i -  
tude was about 30 m (100 f t ) .  Minimum a i r  speed was about 161  kph (100 
mph). One observer  s a t  i n  t h e  co -p i lo t ' s  s e a t ;  t h e  o t h e r  sat behind t h e  
p i l o t .  Each observer  counted only  t h e  o t t e r s  observed on h i s  s i d e  of t h e  
plane. The p i l o t  was h e l p f u l  i n  l o c a t i n g  and v e r i f y i n g  counts  of o t t e r s .  
When a l a r g e  group of s e a  o t t e r s  (approximately 25 t o  50 o r  more) was 
loca t ed ,  t h e  plane was c i r c l e d  a t  a p i v o t a l  a l t i t u d e  of about 174 t o  183 m 
(570 t o  600 f t )  over  t h e  group while  t h e  observers  counted t h e  group of 
o t t e r s  independently.  The independent group counts  were then averaged. 
Counts of s e a  o t t e r s  were recorded by number and l o c a t i o n  on topographic 
maps and were t o t a l e d  l a t e r .  Conventional and inf ra - red  photography have 
not  proven use fu l ,  so w e  have r e l i e d  on d i r e c t  counts .  
I n i t i a l l y ,  t h e  e n t i r e  survey a r e a  was covered i n  one day. However, 
s i n c e  May 1970, i n  an at tempt  t o  reduce observer  f a t i g u e ,  census f l i g h t s  
have been conducted over two consecut ive days by te rmina t ing  each day 's  
censusing j u s t  south  of Poin t  Sur,  an a rea  which has been c o n s i s t e n t l y  
cha rac t e r i zed  by a low d e n s i t y  of animals.  
Aerial censuses were usua l ly  made during t h e  hours  from 0800 t o  1500 
because more s e a  o t t e r s  tend t o  be concent ra ted  i n  groups from mid-morning 
t o  e a r l y  af ternoon.  This  genera l  per iod  of r e s t i n g  o r  s l eep ing  has been 
documented by s e v e r a l  observers  (Kenyon, 1969; Pe terson  and Odemar, 1969; 
and Es tes  and Smith, 1973). 
From August 1968 t o  A p r i l  1972, 21 a e r i a l  censuses were conducted by 
the  p r o j e c t  (Odemar, 1969; Odemar and Wilson, 1969a; Wild, 1971; Wilson, 
1968a, b ,  1969a, b y  c ,  d ,  e, f ,  1970, 1971a, b y  c ,  1972a, b;  Wilson and 
Odemar, 1968, 1969, 1970). Complete coverage of t h e  range w a s  precluded 
by i n t e r m i t t e n t  fog  on t h r e e  occasions.  On another  f l i g h t ,  only s e l e c t e d  
a r e a s  were censused t o  t e s t  photographic techniques.  The remaining counts  
were obta ined  dur ing  observing condi t ions  which v a r i e d  from poor t o  excel-  
l e n t  and ranged from 377 t o  1,060 sea o t t e r s .  Seven of t h e  counts  have 
exceeded 9 hundred animals.  
Counts obta ined  s i n c e  May 1970 have averaged h igher  than  our  previous 
counts. This  i s  probably due i n  p a r t  t o  improved censusing techniques,  b u t  
a l s o  i n d i c a t e s  an inc rease  i n  t h e  popula t ion  which is  r e s u l t i n g  i n  f u r t h e r  
range expansion. These censuses r e v e a l  t h a t  t h e  popula t ion  has no t  s t a b i l -  
i zed ,  bu t  has  cont inued t o  i nc rease  both i n  numbers and range. The h ighes t  
counts  do no t  r ep re sen t  t h e  t o t a l  populat ion which, a t  b e s t ,  can only  be 
est imated.  
Populat ion Est imates  
Only in f r equen t  observa t ions  of a few sea o t t e r s  i n  s c a t t e r e d  loca- 
t i o n s  were made along t h e  C a l i f o r n i a  coas t  i n  t he  e a r l y  1900f s ,  making it 
d i f f i c u l t  t o  e s t ima te  t h e  numbers which remained a f t e r  p r o t e c t i o n  was pro- 
vided. The populat ion which e x i s t e d  n e a r  Po in t  Sur i n  1938 subsequently 
has been es t imated  a t  as much a s  3 hundred (Boolootian, 1961).  B i s s e l l  
and Hubbard (1968) r e p o r t  t h a t  t h e  s ea  o t t e r  popula t ion  i n  1948 was e s t i -  
mated t o  be 5 hundred animals and i n  1967 nea r ly  7 hundred. No computa- 
t i o n a l  b a s i s  i s  given f o r  any of t hese  e s t ima te s .  
Populat ion e s t ima te s  of s ea  o t t e r s  i n  C a l i f o r n i a  have gene ra l ly  been 
developed from shore  o r  a e r i a l  counts  which have not  always been too  r e l i -  
ab l e  due t o  v a r i a b l e  censusing condi t ions .  Since both a e r i a l  and s u r f a c e  
counts of sea o t t e r s  are a f f e c t e d  widely by weather and sea cond i t i ons  and 
ex ten t  and kind of ke lp  beds p re sen t ,  i t  i s  of va lue  t o  have a r e l i a b l e  
method f o r  making populat ion e s t ima te s  from counts  ob ta ined  dur ing  a var- 
i e t y  of observing condi t ions .  The d a t a  from our  a e r i a l  counts  a long wi th  
su r f ace  counts ,  an i n d i c a t i o n  of censusing condi t ions  from f l i g h t  r e p o r t s ,  
and a genera l  knowledge of sea  o t t e r  behavior  provide a b a s i s  f o r  develop- 
ing such a method. 
Shore counts  have gene ra l ly  been h igher  than  a e r i a l  counts ,  pa r t i cu -  
l a r l y  i n  c e n t r a l  and southern p o r t i o n s  of t h e  range. One of t h e  reasons 
is  t h a t  ground crews may spend s e v e r a l  hours i n  an a r e a  t h e  p lane  covers  
i n  a ha l f  hour. Thus, a e r i a l  observers  a r e  more a p t  t o  m i s s  d iv ing  animals,  
s c a t t e r e d  i n d i v i d u a l s ,  o r  even a group o c c a s i o n a l l y .  I n  a d d i t i o n ,  i t  is  
d i f f i c u l t  t o  d i s c e r n  pups c l o s e l y  a s s o c i a t e d  w i t h  t h e i r  mothers .  A female  
sea o t t e r  c h a r a c t e r i s t i c a l l y  c a r r i e s  i t s  pup on h e r  c h e s t  and abdomen whi le  
f l o a t i n g  on h e r  back,  making i t  d i f f i c u l t  t o  s p o t  pups from t h e  p l a n e .  
Corresponding s u r f a c e  c o u n t s  i n  t h r e e  s e p a r a t e  areas d u r i n g  a e r i a l  
censuses  i n  1969 (5  cor responding  c o u n t s  i n  2 a r e a s  and 9 i n  t h e  t h i r d )  
averaged 97, 129 and 159% of a e r i a l  c o u n t s  (Odemar and Wilson,  1969b).  
We averaged t h e s e  t h r e e  p e r c e n t a g e s  t o  o b t a i n  a n  approximate  f i g u r e  t o  
app ly  t o  t o t a l  a e r i a l  c o u n t s .  Thus ( u s i n g  a f i g u r e  of 128%, s h o r e  t o  
a e r i a l  c o u n t ) ,  i f  1 ,000 s e a  o t t e r s  were observed d u r i n g  a n  a e r i a l  census ,  
we would e x p e c t  s h o r e  o b s e r v e r s ,  i f  it were p o s s i b l e  t o  census  t h e  e n t i r e  
range from s h o r e ,  t o  count  on t h e  average  1 ,280  sea o t t e r s .  It i s  a l s o  
v e r y  u n l i k e l y  t h a t  s h o r e  o b s e r v e r s  w i l l  be  a b l e  t o  count  a l l  t h e  o t t e r s  
i n  a g iven  a r e a .  I f  we assume a c o n s e r v a t i v e  s h o r e  census  e r r o r  o f  3 t o  
5% d u r i n g  i d e a l  c o n d i t i o n s ,  t h e n  by i n c r e a s i n g  t h e  e s t i m a t e d  s h o r e  count  
o f  1 ,280 by 4% t h e  t o t a l  number o f  o t t e r s  i n  t h e  a r e a  would be  1 ,331.  
There fore ,  we can assume t h a t  a n  a e r i a l  census  o f  1 ,000 s e a  o t t e r s  under  
e x c e l l e n t  c ~ n d i t p n ~ ~ ~ o n  t h e  average ,  c o u n t s  75% of  a l l  t h e  an imals  i n  
t h e  p o p u l a t i o n  ( ' 1 331 = .75) .  Using t h i s  as a b a s i s ,  a  s l i d i n g  s c a l e  
can be developed t o  produce t o t a l  p o p u l a t i o n  e s t i m a t e s  from a l l  c o u n t s  
which cover  t h e  e n t i r e  range  by a d j u s t i n g  f o r  l e s s  t h a n  i d e a l  o b s e r v i n g  
c o n d i t i o n s  (Tab le  1 ) .  Admit tedly ,  t h e  e v a l u a t i o n  of o b s e r v i n g  c o n d i t i o n s  
i s  somewhat s u b j e c t i v e ,  e s p e c i a l l y  s i n c e  no a t t e m p t  was made t o  s t andard-  
i z e  r e c o r d i n g  o f  such  c o n d i t i o n s  on our  f l i g h t s .  However, we had t h r e e  
o t h e r  p e r s o n s  independen t ly  e v a l u a t e  census  c o n d i t i o n s  from t h e  f l i g h t  
r e p o r t s  and r e s u l t s ,  i n  a m a j o r i t y  of t h e  c a s e s ,  were remarkably c o n s i s t -  
e n t  w i t h  o u r s .  T h e r e f o r e ,  by a v e r a g i n g  o u r  p o p u l a t i o n  e s t i m a t e s  on an  
annua l  b a s i s ,  we e s t i m a t e  t h e  t o t a l  C a l i f o r n i a  s e a  o t t e r  p o p u l a t i o n  i n  
1969, 1970, 1971, and 1972, a t  approximately  1 ,300,  1 ,400,  1 ,530 ,  and 
1 ,650 ,  r e s p e c t i v e l y .  Fur thermore,  s i n c e  f u r t h e r  range  expans ion  by s i g -  
n i f i c a n t  numbers o f  sea o t t e r s  occur red  i n  e a r l y  1973 ( s e e  s e c t i o n  on 
Range Expansion),  we e s t i m a t e  t h e  p r e s e n t  p o p u l a t i o n  t o  be between 1 ,600  
and 1 ,800 an imals .  
The d a t a  i n  Tab le  1 a l s o  i n d i c a t e  t h a t  some e a r l i e r  e s t i m a t e s  of 
t h e  sea o t t e r  p o p u l a t i o n  were c o n s e r v a t i v e .  For example, i t  i s  ex t remely  
u n l i k e l y  t h a t  t h e  p r e s e n t  r a t e  of p o p u l a t i o n  i n c r e a s e  would have a l lowed 
t h e  700 e s t i m a t e d  s e a  o t t e r s  i n  1967 ( B i s s e l l  and Hubbard, 1968) t o  in -  
c r e a s e  t o  t h e  January  1969 count  o f  983, l e t  a l o n e  o u r  e s t i m a t e  o f  1 , 3 1 1  
(Table  1 )  a t  t h a t  t ime. 
Range Expansion 
The re -es tab l i shment  and growth of a s i g n i f i c a n t  s e a  o t t e r  popula- 
t i o n  from a s m a l l  group i n  t h e  P o i n t  Sur  a r e a  i n  t h e  e a r l y  1900 ' s  h a s  
r e s u l t e d  i n  t h e  s p r e a d  o f  t h e  p o p u l a t i o n  b o t h  t o  t h e  n o r t h  and s o u t h  a l o n g  
t h e  c e n t r a l  C a l i f o r n i a  c o a s t  ( F i g u r e  5 ) .  I n  1938, t h e  p o p u l a t i o n  was re- 
p o r t e d  a t  Bixby Creek (about  4 m i l e s  n o r t h  of P o i n t  Sur )  and i n  t h e  
g e n e r a l  v i c i n i t y  s o u t h  of t h e r e  ( B o l i n ,  1938) .  The range  p robab ly  d i d  
n o t  ex tend  f a r  s o u t h  o f  P o i n t  Sur  t h e n ,  s i n c e  t h e  nor the rnmos t  and south-  
ernmost Sea O t t e r  Game Refuge boundar ies  e s t a b l i s h e d  i n  1941  ( F i g u r e  1 )  
TABLE 1. Aerial Counts, Censusing Conditions and Population Estimates of 
Sea Otters in California from August 1968 through April 1972. 
AERIAL ADJUSTEENT~/ POPULATION 
DATE COUNT CONDITIONSL/ FACTOR ESTIMATE 
Nov 8, 1968 664 Good 65 % 1022 
Dec 20, 1968 377 Poor 30% 1257 
Jan 31, 1969 983 Excellent 75% 
Feb 10, 1969 770 - Good - Poory 60% 
Mar 10, 1969 931 Very good 70% 
Jun 2, 1969 1014 Excellent 75% 
Aug 1, 1969 529 - Fair - Poor 45% 
Oct 6, 1969 483 Fair - Poor 35% 
Dec 1, 1969 649 Good - Poor 50% 1298 
May 6, 1970 314 Excellentsf 75% 
May 7, 1970 '726 Good 65% 
Sep 16,17, 1970 612 A/ Fair 50% 1224 
Feb 12,13, 1971 718 Fair 50% 1436 
Apr 15,16, 1971 902 - Good - Fair 60% 1503 
Jun 30, 1971 
Jul 1, 1971 959 Good - Fair - 60% 
Oct 5,6, 1971 715 - Good - Poor 45% 1589 
Jan 4,5, 1972 1060 Fair - Very Good 65% 1631 
Apr 19, 1972 377 Poor - Fair 35% I 
Apr 20, 1972 770 {393 Good 65% 
l/~riteria for evaluating censusing conditions: 
- 
Excellent - Minimal wind, high overcast (water glassy, no glare), reduced 
kelp canopy (especially bull kelp, Nereocystis). 
' Good - Light winds, and overcast; or minimal wind, some sunglare 
present; moderate to light kelp canopy. 
Fair - Moderate winds and surface glare; or moderate to strong winds 
and some sun glare; moderate to dense kelp canopy. 
Poor - Strong winds, intense glare, dense kelp canopy (especially 
bull kelp, Nereocystis). 
ZfIndicates estimated percent of total population counted as follows: 
- 
Excellent - 75% Fair - 50% 
Good - 65% Poor - 30Z 
3f~nderline indicates adjustment factor was weighted toward underlined item. 
- 
4fWhen conditions were different on separate days of a census, they were 
- 
rated separately. 
g o n e  of the observers was inexperienced. 
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FIGURE 5 .  Range expansion o f  the sea o t t e r  populat ion i n  C a l i f o r n i a  f r o m  1914 t o  1973. 
probably encompassed a l l  of t h e  range a t  t h a t  time. During t h e  1940's  
and e a r l y  1950's  some unpublished observa t ions  and counts  from shore were 
made but  t h e  ruggedness and i n a c c e s s i b i l i t y  of much of t h e  c e n t r a l  coas t  
made i t  d i f f i c u l t  t o  o b t a i n  a c l e a r  p i c t u r e  of t h e  e s t a b l i s h e d  range and 
numbers of s e a  o t t e r s .  The range apparent ly  had extended t o  about Yankee 
Po in t  on t h e  n o r t h  and t h e  v i c i n i t y  of Salmon Creek on t h e  south  by t h e  
e a r l y  1950's (Peterson and Odemar, 1969). The f i r s t  a e r i a l  census of s ea  
o t t e r s  which was made from a h e l i c o p t e r  i n  1956 ind ica t ed  t h a t  t h e  estab-  
l i s h e d  range was then  from Camel  Bay t o  t h e  v i c i n i t y  of  San Simeon 
(Boolootian, 1961). Boolootian considered t h e  range t o  extend t o  Po in t  
Conception, nea r  Santa  Barbara,  based on t h r e e  s e a  o t t e r s  he r epo r t ed ly  
observed the re .  However, subsequent censuses and observa t ions  ind ica t ed  
t h a t  no e s t a b l i s h e d  s e a  o t t e r  range occurred south  of San Simeon a t  t h a t  
t i m e .  Our censuses s i n c e  1968 i n d i c a t e  t h a t  t h e  e s t a b l i s h e d  range ex- 
tended from Seaside t o  Poin t  Es te ro  by 1969 and from Santa Cruz t o  Po in t  
Buchon i n  e a r l y  1973. 
Occasional observa t ions  of sea  o t t e r s  and c a r c a s s  r ecove r i e s  a r e  made 
w e l l  beyond e s t a b l i s h e d  range boundaries.  These i n c i d e n t s  do n o t  repre-  
s e n t  range expansion s i n c e  such occurrences are dnly  temporary and es tab-  
l i s h e d  popula t ions  have no t  subsequent ly developkd i n  t h e s e  a reas .  
Severa l  examples of such s i g h t i n g s  have been published. Two s e a  
o t t e r s  were r epo r t ed  a t  San Miguel I s l and  i n  1954 (Allanson, 1955),  two 
a t  Trinidad Head i n  no r the rn  C a l i f o r n i a  i n  1956 (Bentley,  1959),  and 
two a t  Ano Nuevo I s l a n d  i n  1963 (Orr and P o u l t e r ,  1964). I n  1967, s e v e r a l  
s i g h t i n g s  of a s i n g l e  o t t e r  were made wi th in  a month i n  southern  C a l i f o r n i a  
a t  Malibu Po in t ,  Santa  Monica Bay and Santa Barbara ( B i s s e l l  and Hubbard, 
1968). A l l  were poss ib ly  t h e  same animal. 
A commercial fisherman a c c u r a t e l y  descr ibed  t o  one of t h e  au thors  
what he repor ted  as a s e a  o t t e r  a t  Half Moon Bay, about  32 km (20 mi l e s )  
south  of San Francisco,  on May 6, 1973. 
Occasional ly,  unconfirmed r e p o r t s  of s ea  o t t e r s ,  p a r t i c u l a r l y  from 
t h e  nor thern  C a l i f o r n i a  coas t ,  a r e  received.  Attempts t o  confirm t h e s e  
have a l l  been f u t i l e  and no popula t ions  a r e  known t o  have developed i n  
t hese  areas. 
Severa l  s e a  o t t e r  ca rcas ses  have been recovered cons iderable  d i s t -  
ances beyond e s t a b l i s h e d  range boundaries.  The c a r c a s s  of an a d u l t  female 
s e a  o t t e r  w a s  recovered from t h e  Santa Cruz a r e a  as e a r l y  a s  1940 (Orr 
and Pou l t e r ,  1964). I n  October 1970, t h e  badly decomposed ca rcas s  of a 
mature male s e a  o t t e r  w a s  recovered a t  Po in t  Reyes about 56 km (35 mi les )  
n o r t h  of San Francisco.  I n  A p r i l  1971, a badly decomposed sea otter  car- 
c a s s  w a s  found a t  San Miguel I s land .  
On J u l y  22, 1970, a l i v e  male sea o t t e r  pup was brought t o  park  
rangers  a t  U. S. Nat ional  Seashore, Po in t  Reyes. The animal,  which re- 
po r t ed ly  had been found on a beach nearby, died a t  S t e i n h a r t  Aquarium 
t h e  next  day. It is extremely un l ike ly  t h a t  t h i s  pup, which w a s  obviously 
s t i l l  dependent upon i t s  mother, a c t u a l l y  came ashore  i n  t h i s  a r e a  s i n c e  
no sea  o t t e r s  a r e  known t o  i n h a b i t  t h e  a r ea .  Within t h e i r  range, sea o t t e r  
pups occas iona l ly  become separa ted  from t h e i r  mothers and become s t randed  
on shore. This  may have been a s t randed  pup which was picked up by someone 
wi th in  t h e  c u r r e n t  range and abandoned a t  Po in t  Reyes soon t h e r e a f t e r .  
Because of t h e  occurrence of "wanderers" f a r  beyond e s t a b l i s h e d  range 
boundaries ,  i t  is  of va lue  t o  be a b l e  t o  d e l i n e a t e  e s t a b l i s h e d  s e a  o t t e r  
range and t o  understand t h e  c h a r a c t e r i s t i c s  of range expansion i n  o rde r  t o  
eva lua t e  t he  eco log ica l  r e l a t i o n s h i p s  of s ea  o t t e r s  t o  t h e  nearshore  marine 
environment. I n t e n s i v e  a e r i a l  and s u r f a c e  censusing and f i e l d  observa t ions  
i n  r ecen t  yea r s  provide some i n s i g h t  i n t o  t h e  c h a r a c t e r i s t i c s  of s ea  o t t e r  
range expansion. 
Observations a t  t h e  southern  end of t h e  range i n d i c a t e  t h a t  by l a t e  
1968 t h e  popu t i o n  was e s t a b l i s h e d  t o  t h e  south  end of Cambria where a $7 
r a f t i n g  group- of 40 t o  50 sea  o t t e r s  was observed i n  November 1968. About 
1 3  sea  o t t e r s  were s c a t t e r e d  5 t o  6 km ( 3  t o  4 mi l e s )  n o r t h  and south of 
t h i s  r a f t i n g  group. I n  December, a r a f t i n g  group of  about 25 s e a  o t t e r s  
p lus  5 s c a t t e r e d  ind iv idua l s  were observed about 6 km (4 mi l e s )  south  of 
Cambria o f f  t h e  Cambria A i r  Force Radar S t a t ion .  Throughout most of 1969, 
t h e  southernmost r a f t i n g  a r e a  remained o f f  t h e  Radar S t a t ion .  A maximum 
of 115 sea  o t t e r s  was counted i n  t h e  r a f t  i n  t h i s  a r e a  i n  e a r l y  1969. 
Sca t t e r ed  ind iv idua l s  were usua l ly  observed 3 t o  4 mi l e s  t o  t h e  n o r t h  and 
south  of t h e  r a f t i n g  a rea .  
No censuses were made i n  e a r l y  1970. However, i n  May 1970, an a e r i a l  
census made dur ing  very good condi t ions  revea led  t h a t  t h e  r a f t i n g  a r e a  had 
s h i f t e d  t o  t h e  no r th  where two groups of s ea  o t t e r s ,  one of a t  l e a s t  95 and 
another  of 58, were observed o f f  Cambria. No o t t e r s  were observed from 
t h e r e  t o  Cayucos Po in t ,  n e a r l y  16 km (10 mi l e s )  south ,  where 9 were ob- 
served. This s h i f t  p r imar i ly  t o  t h e  n o r t h  may have been due t o  a r a sh  of 
sea  o t t e r  shoot ings  which apparent ly  occurred i n  1970 (see  s e c t i o n  on Exam 
i n a t i o n  of Sea O t t e r  Remains). By September 1970, a r a f t i n g  a rea  had been 
re -es tab l i shed  i n  t h e  v i c i n i t y  of t h e  Cambria A i r  Force Radar S t a t i o n  
al though i t  was noted t h a t  t h e  animals seemed t o  be more s t a r t l e d  by t h e  
p lane  than usual .  
During 1971, t h e  southernmost r a f t i n g  a r e a  remained o f f  Cambria A i r  
Force Radar S t a t i o n  where a s  many a s  150 were observed i n  the  r a f t  i n  
Apr i l .  I n  l a t e  1971 s c a t t e r e d  i n d i v i d u a l s  were more commonly seen t o  t h e  
south i n  t h e  v i c i n i t y  of Cayucos Po in t ,  where as many a s  seven were counted 
during the  October f l i g h t .  However, no r a f t i n g  a r e a  had been e s t a b l i s h e d  
there yet. 
/ Bunching o r  "podding" of s ea  o t t e r s  u sua l ly  occurs  i n  ke lp  beds and 
has come t o  be termed " raf t ing" .  A r a f t  of s e a  o t t e r s  u sua l ly  develops 
when s e a  o t t e r s  rest o r  s l e e p  i n  c l o s e  a s s o c i a t i o n  t o  one another  i n  
the  ke lp ,  each wi th  a few f ronds  of ke lp  draped over  i t s  body. 
I n  February 1972, observations from shore, indica ted  t h a t  a r a f t i n g  
area  had been es tabl ished a t  Cayucos Point.  Durfng the  Apri l  census, 
74 sea o t t e r s  ( r a f t i n g  groups and sca t t e red  indtviduals)  were observed 
there.  By December 1972, i n  a survey from shore, 207 sea  o t t e r s  were 
counted a t  Cayucos Point  while only 70 i n  small groups and sca t t e red  in- 
d iv iduals  were observed then from Point  Estero t o  Cambria i n  t h e  v i c i n i t y  
of the former southernmost r a f t i n g  area.  
In  January 1973, observations from shore confirmed t h a t  t h e  popula- 
t i o n  had expanded i t s  range across  2 3 . b  (14 miles)  of sandy h a b i t a t  t o  
the f i r s t  rocky reef  - kelp bed h a b i t a t  south of Estero Bay; 137 sea 
o t t e r s  were counted a t  Point  Buchon i n  Apri l .  
Maximum counts i n  t h e  Cambria t o  Cayucos area  during 1968, 1969, 
1970, 1971 and 1972 were 62, 129, 165, 187, and 277, respect ively .  The 
increasing numbers of sea  o t t e r s  i n  t h i s  area  coincided with t h e  o v e r a l l  
s h i f t  of t h e  southernmost r a f t i n g  area  t o  the  south, which progressed 
from the movement of o t t e r s  i n t o  the  northern por t ion  of t h e  Cambria - 
Point Estero area  i n  1967 t o  occupation of t h e  e n t i r e  a r e a  by 1972 and 
the subsequent expansion of t h e  range t o  Point  Buchon i n  e a r l y  1973. 
Range expansion a t  t h e  northern end of the  range, although s imi la r  
t o  t h a t  which is  occurring a t  the  southern end of t h e  range, has exhibited 
a s l i g h t l y  d i f f e r e n t  pa t tern .  
Before 1963, sea  o t t e r s  were r a r e l y  seen ins ide  Monterey Bay. In- 
s ide  the  Bay, rocky reef - kelp bed h a b i t a t  extends from Point  Pinos a t  
t h e  south end of t h e  bay t o  t h e  Monterey Marina and continues where a 
shale  reef supports a kelp bed off  D e l  Monte Beach near Seaside. It is  
about 10 km (6 miles) from Point  Pinos t o  Seaside. A long s t r e t c h  of 
sandy beach and sandy offshore  bottom h a b i t a t  extends from Seaside t o  
Soquel Point ,  a d is tance  of about 48 km (30 miles)  along t h e  shore l ine ,  
where the  next s u i t a b l e  sea  o t t e r  h a b i t a t  e x i s t s .  
I n  1963, sea  o t t e r s  moved around Point  Pinos i n t o  Monterey Bay, where 
approximately 75 sea  o t t e r s  w e r e  seen a shor t  d is tance  ins ide  the  Point  
off  P a c i f i c  Grove i n  Apr i l  of t h a t  year (J .  B. P h i l l i p s ,  pers. commun.). 
In 1966, during Departmental a e r i a l  spor t f i sh ing  surveys, sea  o t t e r s  
st i l l  were being seen, i n  numbers, only a shor t  d i s t ance  ins ide  Point  Pinos, 
where the main r a f t i n g  a rea  was off  P a c i f i c  Grove (Daniel Miller, pers. 
commun.). A maximum of 94 sea  o t t e r s  was observed by Miller i n  t h i s  a r e a  
i n  March, but by November no o t t e r s  w e r e  being observed i n s i d e  Monterey Bay 
during these a e r i a l  surveys. However, by 1968 sea  o t t e r s  had es tabl ished 
t h e i r  range t o  D e l  Monte Beach i n  the  v i c i n i t y  of t h e  Monterey-Seaside 
border, where a group of 25 was observed i n  t h i s  area  of l imi ted  kelp bed 
h a b i t a t  i n  l a t e  1968. Varying numbers of sea  o t t e r s  were observed i n  t h e  
Seaside area  during 1969 with a maximum of 30 sea o t t e r s  observed the re  
i n  February 1969. During 1970, 1971 and 1972 a e r i a l  counts i n  t h i s  a r e a  
d id  not  exceed 1 3  sea  o t t e r s .  
It a p p e a r s  t h a t  sea o t t e r s  had n o t  f u l l y  occupied t h e  a r e a  from P o i n t  
P i n o s  t o  S e a s i d e  by la te  1968, when a maximum of 66 an imals  was counted 
i n  t h i s  area. The r a f t i n g  area c l o s e s t  t o  t h e  S e a s i d e  group a t  t h a t  t i m e  
was o f f  Lovers P o i n t  about  h a l f  way between P o i n t  P i n o s  and t h e  Monterey 
Marina. T h i s  r a f t i n g  a r e a  was observed t o  s h i f t  a l o n g  t h e  s h o r e l i n e  t o  
Monterey, where by l a t e  1969 t h e  r a f t i n g  a r e a  was o f f  Hopkins Marine S ta -  
t i o n  a t  abou t  t h e  P a c i f i c  Grove - Monterey b o r d e r .  By e a r l y  1971, t h e  
r a f t i n g  a r e a  had s h i f t e d  t o  Monterey 's  Cannery Row, an  a r e a  which h a s  con- 
t i n u e d  t o  be  a  p o p u l a r  s p o t  f o r  v iewing c o n s i d e r a b l e  numbers o f  s e a  o t t e r s .  
Maximum annua l  a e r i a l  c o u n t s  i n  t h e  P o i n t  P i n o s  - S e a s i d e  a r e a  from 1969 t o  
1972 have been 159,  139,  170 and 120, r e s p e c t i v e l y .  
The numbers of s e a  o t t e r s  o f f  Cannery Row have f l u c t u a t e d  c o n s i d e r a b l y ,  
b u t  a h igh  of 110 ( i n  r a f t i n g  groups  and i n d i v i d u a l s )  was counted o f f  Can- 
n e r y  Row i n  A p r i l  1971. 
On February 5, 1973, we counted 45 sea o t t e r s  o f f  Seas ide .  I f  r ange  
expansion c o n t i n u e s  as we have observed i t ,  we e x p e c t  t o  s e e  s i g n i f i c a n t  
numbers of o t t e r s  o f f  S a n t a  Cruz i n  t h e  n e a r  f u t u r e  w i t h  lower d e n s i t i e s  
remaining o f f  t h e  s o u t h e r n  Monterey Bay s h o r e l i n e .  
S ince  1969, n i n e  s e a  o t t e r  c a r c a s s e s  ( s i x  a d u l t s ,  t h r e e  s u b a d u l t s )  
have been recovered  i n  t h e  v i c i n i t y  o f  Moss Landing a t  t h e  c e n t e r  of Monterey 
Bay. One o f  t h e s e  was drowned i n  a f i s h i n g  n e t  s e t  i n  Elkhorn Slough n e a r  
Moss Landing. The o t h e r  c a r c a s s e s  cou ld  have d r i f t e d  i n  o r  may have been 
animals  i n  t r a n s i t .  It i s  n o t  unusual  now t o  s e e  l i v e  sea o t t e r s  i n  t h e  
a r e a  between S e a s i d e  and S a n t a  Cruz. 
Before  1970 i t  was unusual  t o  see a s e a  o t t e r  on t h e  S a n t a  Cruz s i d e  
of Monterey Bay. However, d u r i n g  t h e  May and September census  f l i g h t s  i n  
1970 ( t h e  o n l y  aerial  censuses  t h a t  y e a r )  a  s i n g l e  o t t e r  w a s  observed i n  
t h i s  area on e a c h  f l i g h t .  I n  1971,  t h r e e  sea o t t e r s  were s e e n  on each  of 
two f l i g h t s  and a  s i n g l e  o t t e r  on a t h i r d  f l i g h t .  On one of t h e  census  
f l i g h t s  i n  1972 a s i n g l e  o t t e r  was seen  i n  t h e  S a n t a  Cruz a r e a .  Neverthe- 
less, i t  was a p p a r e n t  t h a t  t h e  p o p u l a t i o n  had n o t  y e t  become e s t a b l i s h e d  
t h e r e .  On A p r i l  10,  1973, d u r i n g  a  su rvey  from a boa t  i n  t h e  S a n t a  Cruz 
a r e a  we counted f i v e  s e a  o t t e r s  i n  t h e  v i c i n i t y  of Soquel P o i n t  and have 
r e c e i v e d  unconfirmed r e p o r t s  o f  a t  least e i g h t  sea o t t e r s  i n  t h e  Soquel  
P o i n t  - S a n t a  Cruz a r e a .  
Although t h e  23 km (14 m i l e s )  of sandy h a b i t a t  between Cayucos and 
P o i n t  Buchon d i d  n o t  appear  t o  be any b a r r i e r  t o  southward range  expans ion ,  
t h e  l o n g  s t r e t c h  of sandy h a b i t a t  i n  Monterey Bay from S e a s i d e  t o  Soquel 
P o i n t  a p p e a r s  t o  have de layed  range  expansion a c r o s s  t h e  bay. Expansion 
of t h e  p o p u l a t i o n  t o  t h i s  a r e a  now a p p e a r s  t o  be o c c u r r i n g .  
A l l  i n d i c a t i o n s  from o u r  o b s e r v a t i o n s  p o i n t  t o  an i n c r e a s i n g  s e a  
o t t e r  p o p u l a t i o n  which w i l l  c o n t i n u e  t o  expand i t s  range b o t h  n o r t h  and 
s o u t h  a l o n g  t h e  c o a s t  i f  l e f t  unhindered.  
Dist r ibut ion 
The d i s t r i b u t i o n  of sea o t t e r s  within t h e t r  range is apparently l i m -  
i t e d  by t h e  type and amount of h a b i t a t  ava i l ab le ,  carrying capacity of the  
h a b i t a t  ( i .e . ,  t he  a b f l i t y  of a given a rea  t o  support a given number of 
animals), number of sea  o t t e r s  present  and t h e  behavioral  c h a r a c t e r i s t i c s  
of t h e  population. 
Although sea  o t t e r s  l i v e  year-round i n  c e r t a i n  shallow a reas  i n  t h e  
Bering Sea without kelp beds (Kenyon, 1969), sea o t t e r s  throughout t h e i r  
range a r e  most o f t en  associa ted  with nearshore rocky r e e f s  which support 
kelp beds and the  associated b io log ica l  communities which provide t h e  l a r g e  
food supply required by sea  o t t e r s .  
In c e n t r a l  Cal i fornia ,  where s e a  o t t e r s  have made t h e i r  comeback, 
excel lent  areas  of sea o t t e r  h a b i t a t  with l a r g e  beds of g ian t  kelp,  Macro- 
c y s t i s  pyr i fera ,  and/or b u l l  kelp,  Nereocystis Zuetkeana, with extensive 
surface  canopies, occur almost continuously from Seaside t o  Cayucos. Mont- 
erey Bay with 48 km (30 miles)  of sandy beaches provides a long break i n  
t h i s  h a b i t a t  from Seaside t o  Soquel Point  near Santa Cruz, where s u i t a b l e  
hab i t a t  occurs in te rmi t t en t ly  on up t h e  coast.  To t h e  south, Estero Bay 
presents  a shor te r  break i n  t h e  rocky reef  h a b i t a t  with about 23 km (14 
miles)  of sandy beaches from Cayucos t o  Point  Buchon, where another s t r e t c h  
of rocky reef  - kelp bed h a b i t a t  continues on t o  about She l l  Beach. Suit- 
ab le  sea o t t e r  h a b i t a t  occurs i n t e r m i t t e n t l y  along much of the  southern 
Cal i fornia  coas t l ine  and around the  channel i s l a n d s  of southern California.  
Population Densit ies .  Kenyon (1969) considered sea o t t e r  h a b i t a t  a t  
Amchitka t o  extend out  t o  the  55 m (30 fathom) depth contour. Subsequently, 
o ther  observers have used the  55 m (30 fathom) contour t o  determine sea  
o t t e r  d e n s i t i e s  a t  Amchitka and other  i s l a n d s  i n  t h e  nor th  P a c i f i c  (Estes 
and Smith, 1973). On t h i s  bas i s ,  Estes and Smith ca lcula ted  a densi ty  of 
63 o t t e r s  per  square mile a t  Amchitka where they have recent ly  estimated 
the  population a t  near ly  7,000 animals. 
Odemar and Wilson (1969b) considered sea  o t t e r  h a b i t a t  i n  Cal i fornia  
t o  extend out t o  the  18 m (10 fathom) depth contour and ca lcula ted  d e n s i t i e s  
on t h a t  basis .  W e  f e e l  t h a t  t h i s  is too conservative s ince  it i s  not unusual 
t o  see animals i n  water beyond the 18 m (10 fathom) l i n e .  However, i n  Cali- 
fornia ,  sea o t t e r s  r a r e l y  a r e  seen i n  waters much deeper than 30 m (100 f t ) .  
Therefore, we consider t h a t  t h e  37 m (20 fathom) depth curve current ly  is  
more representa t ive  of t h e  seaward l i m i t s  of the  sea  o t t e r  h a b i t a t  i n  C a l i -  
fornia.  A s  t h e  population continues t o  grow, o t t e r s  may have t o  forage 
deeper and we may have t o  consider a wider nearshore band t o  evaluate 
dens i t i e s .  
Sea Otter Game Refuge boundaries (Figure 1 )  provide convenient dividing 
l i n e s  f o r  analyzing r e l a t i v e  d e n s i t i e s  of sea  o t t e r s  i n  t h e  Cal i fornia  popu- 
l a t i o n  i n  recent  years. Using2the 37 m (29 fathom) depth contour a s  a bas i s ,  
there  a r e  approximately 303 km (117 m i l e s  ) of h a b i t a t  between Seaside and 
2 2 Poin t  Es t e ro  and about 26 a d d i t i o n a l  km (10 miles ) from Po in t  Es te ro  t o  
Cayucos, which s e a  o t t e r s  occ p ied  i n  19  2, The a r e a  between Refuge bound- Y 1 
a r i e s  amounts t o  about  238 km (92 miles ) of h a b i t a t .  
Populat ion es t fmates  f o r  1968-1972 i n d i c a t e  t h a t  average annual  dens- 
i t i e s  f o r  t h e  p n t i r e  popula t ion  during t h i s  per iod  ranged from 3.8 t o  5 .3  
animals pe5 km (9.8 t o  33.6 pe r  mi l e  ), with  an  o v e r a l l  average of about 
4.6 p e r  km (12 p e r  m i l e  ) f o r  t h e  e n t i r e  per iod  (Table 2) .  However, t h e  
populat ion dens i ty  between Refuge boundaries  from 1968 t o  1972, which char- 
a c t e r i s t i c a l l y  has  been less than  t h e  o v e r a l l  dens isy ,  ranged from only 
3.2 t o  4.9 s e a  o t t e r s  pe r  2  ky (8.4 t o  12.3 per  m i l e  ) with  an o v e r a l l  
average of about 3.9 p e r  km (10 p e r  m i l e  ). This  has  r e s u l t e d  i n  an  
uneven d i s t r i b u t i o n  of s e a  o t t e r s  throughout t h e  t o t a l  range w i t h  g r e a t e r  
concent ra t ions  a t  t h e  extremes of t he  range, where range expansion has 
been occurr ing.  When t h e  range was e s s e n t i a l l y  between Seaside and Po in t  
Es t e ro  during 1968 through 1971, a t  t i m e s  n e a r l y  h a l f  of t h e  t o t a l  number 
of s e a  o t t e r s  counted on a e r i a l  censuses w a s  concent ra ted  n o r t h  and south  
of Refuge boundaries  (Table 3) in only  21% of t h e  h a b i t a t .  Thus, most of 
t h e  popula t ion  i n c r e a s e  apparent ly  has been suppor t ing  range expansion, 
r e s u l t i n g  i n  s i g n i f i c a n t l y  h igher  d e n s i t i e s  a t  t h e  extremes of t h e  range. 
A s  sea o t t e r s  moved i n t o  and became e s t a b l i s h e d  i n  t h e  Cambria - Poin t  
Es te ro  a r e a  j u s t  sou th  of t h e  Refuge, t h e  average an  u a l  d e n s i t y  of s e a  9 
o t t e  s i n  t h i s  a r e a  increased  from 3.6 t o  7.5 p e r  km (9.2 t o  19.3 pe r  5 
m i l e  ) from 1968 t o  1971 (Table 2). Then i n  1932, the  range yas extended 
t o  Cayucos, where d e n s i t i e s  of about 8 .1  pe r  km (21 p e r  mi le  ) were ob- 
served between Po in t  Es t e ro  and Cayucos whi le  a  reduced d e n s i t y  of o t t e r s  ' 
remained i n  t h e  Cambria - Poin t  Es te ro  area. A s rvey from sho e i n  l a t e  Y 5 1972 s t i l l  ind ica t ed  d e n s i t i e s  of over  8.1 pe r  km (21  per  mi le  ) i n  t h e  
Cayucos Po in t  a rea .  This  dens i ty  was appa ren t ly  s u f f i c i e n t  t o  r e s u l t  i n  
f u r t h e r  range expansion ac ros s  Es t e ro  Bay t o  Po in t  Buchon i n  1973. 
A t  t h e  no r the rn  end of t h e  range, s e a  o t t e r s  had extended t h e i r  range 
t o  Seaside by 1968. However, t h e  long sandy a r e a  wi th in  Monterey Bay has 
apparent ly  delayed range expansion t o  t he  north.  Dens i t i e s  between t h e  
no r th  Refuge boundary and Seaside have been c o n s i s t e n t l y  h ighe r  than e l s e -  
where. Average annual d e n s i t i e s  i n  t h i s  a r e a  (Ta2le 2) have ranged from 2 
approximately 7.7 s e a  o t t e r  per  km (20 per  mi le  ) t o  n e a r l y  12.0 sea  2 9 
o t t e r s  per  km (31 per  mi le  ). The popula t ion  is  now apparent ly  expanding 
ac ros s  t h e  bay where a  very low d e n s i t y  p r e s e n t l y  occurs .  
Odemar and Wilson (1969b), on t h e  b a s i s  of t h r e e  census f l i g h t s  i n  
1969, concluded t h a t  t h e  a r e a  j u s t  south  of Poin t  Sur ( a  small a r e a  wi th in  
t h e  major c e n t r a l  po r t ion  of t h e  range) w a s  a  r e l a t i v e l y  low dens i ty  a r e a .  
Subsequent censuses appear t o  support  t h i s  conclusion. O u r  c a l c u l a t i o n s  
i n d i c a t e  t h a t  average annual d e n s i t i e s  f o r  t h e  s h o r t  s t r e t c h  of coas t  be- 
tween Po in t  Sur and Pa r t ing ton  Po in t ,  a d i s t a n c e  of about 23 km2(14 mi l e s ) ,  
from 1968 to21972 ranged from only  1.0 t o  2.7 s e a  o t t e r s  p2 r  km (2.6 t y  
6.9 per  mi le  ) with  an  o v e r a l l  average of about 1.9 p e r  km (5 pe r  m i l e  ) 
during t h e  e n t i r e  per iod.  
Breakdown of Apri l  1972 count South of Cambria { Pt .  Estero  
10  Pt. E s t e r o -  21.1 
Cayucos 
* See Appendix 11, Sea Otter Density Calculation Data. 
TABLE 2. Estimated Average Annual Densit ies of Sea Ot te r s  in Cali fornia  from 1968 - 1972.* 
2 t Miles of hab i t a t  f o r  each area  was calculated between the  shorel ine  and 37 m (20 fathom) depth contour. 1 mile2 = 2.590 km2. 
2 $ Range during2January and April  counts ( the  only 1972 f l i g h t s )  was Seaside t o  Point Estero  i n  January (116.9 miles ) and Seaside t o  Cayucos in &ril 
(126.9 miles ). These were averaged t o  get  average h a b i t a t  f o r  1972. 
Year 
1968 
1969 
1970 
1971 
1972 
2 2 § Within t h i s  area,  there were 11.3 m i l e s  of hab i t a t  occupied on the  January 1972 f l i g h t  and 21.3 miles occupied on the  Apr i l  f l i g h t .  These were 
averaged t o  get average hab i ta t  f o r  1972. 
I 11 Cambria - 4.3 
SOUTH OF REFUGE 
Density 
( 0 t t q r s j  
Mile ) 
ENTIRE RANGE 
Miles 2 
of 
Habitat 
11 Cambria - 9.2 
Pt. Estero  
11 Cambria - - 11.3 
Pt.  Estero  
11 Cambria - 14.6 
Pt. Estero  
11 Cambria - 19.3 
Pt.  Estero  
165 Cambria - 11.6 
Cayucos 
Area 
Density 
(Ott$rs/ 
Mile ) 
Miles 2 
of 
Habitatt  
BE'RJEEN SEA OTTER 
GAME REPUCE BOUNDARIES 
117 Seaside - 9.8 
Pt. Estero 
117 Seaside - 11.2 
Pt. Estero 
117 Seaside - 11.8 
Pt. Estero 
117 Seaside - 13.1 
Pt. Estero 
122$ Seaside ' 13.6 
Cay ucos 
Area 
Miles 2 
of 
Habitat 
NORTH OF REFUGE 
Miles 2 
of 
Habitat  
92 Carmel River 8.4 
- Cambria 
92 C a r m e l  River 9.5 
- Cambria 
92 Carmel River 10.0 
- Cambria 
92 Camel River 9.7 
- Cambria 
92 Camel  River 12.8 
- Cambria 
Area 
Density 
(Ott$rs/ 
Mile ) 
1 3  Camel River 19.8 
- Seaside 
1 3  Carmel River 22.3 
- Seaside 
1 3  Camel  River 20.8 
- Seaside 
1 3  Camel River 30.8 
- Seaside 
1 3  Carmel River 21.8 
- Seaside 
Area 
Density 
(Ott?rs/ 
Mile ) 
TABLE 3. Percentages of Aerial Sea Otter Counts Qbseryed North and South 
of Sea Otter Game Refuge Boundaries from 1968 t o  1972. 
X Observed North 
Aer ia l  and South of % Observed % Observed 
Date Count Refuge Boundaries North of Refuge South of Refuge 
Nov 1968 664 34.0 24.5 9.5 
Dec 1968 377 31.3 22.3 9.0 
Jan 1969 983 29.4 17.5 11.9 
Feb 1969 770 39.4 26.4 13.0 
Mar 1969 931 38.9 25.0 13.9 
Jun 1969 1014 26.9 23.0 3.9 
Aug 1969 529 29.5 18.3 11.2 
Oct 1969 483 35.2 26.3 8.9 
Dec 1969 649 29.6 23.3 6.3 
May 1970 1040 36.6 20.7 15.9 
Sep 1970 612 29.9 22.5 7.4 
Feb 1971 718 32.0 23.6 8.4 
Apr 1971 902 48.5 30.5 b 18.0 
J u l  1971 959 45.3 25.8 19.5 
Oct 1971 715 40.8 28.8 12.0 
Jan 1972 1060 20.4 13.3 7.1 
Apr 1972 770 43.0 31.2 11.8 
Odemar and Wilson hypothesized t h a t  low d e n s i t i e s  i n  t h i s  area  repre- 
sented a d iv i s ion  of t h e  population i n t o  two major subgroups and discussed 
d i s t r i b u t i o n  on t h a t  basis .  It i s  our opinion t h a t  t h e r e  i s  not  enough 
evidence t o  confirm nor  deny t h i s  hypothesis.  To do so  w i l l  r equ i re  more 
complete population dynamics i n f o m a t i o n  on a n i d s  throughout t h e  c e n t r a l  
port ion of t h e  range, p a r t i c u l a r l y  on movements of o t t e r s .  It is poss ib le  
t h a t  t h i s  area has a r e l a t i v e l y  low carrying capacity. I n  addi t ion ,  i t  i s  
an area  where sea  o t t e r s  apparently survived t h e  f u r  t r ade  and have pe rs i s t ed  
i n  the  general  a rea  before and s ince  wi th  continual  u t i l i z a t i o n  of t h e  food 
resources. The d e n s i t i e s ,  therefore ,  may represent  an optimal carrying cap- 
a c i t y  f o r  t h i s  s h o r t  s t r e t c h  of hab i t a t .  Nevertheless, quest ions such a s  
these  do point  out  t h e  need f o r  a more thorough understanding of population 
dynamics, e spec ia l ly  throughout t h e  l a r g e  c e n t r a l  por t ion  of t h e  range. 
Peterson and Odemar (1969) f e l t  t h a t  t h e  population wi th in  t h e  major 
c e n t r a l  por t ion  of the  range w a s  reaching a maximal s i z e  i n  1969. Informa- 
t i o n  on the  sea o t t e r  populations i n  the  nor th  P a c i f i c  ind ica tes  t h a t  
considerable over-crowding w i l l  r e s u l t  i n  l a r g e  n a t u r a l  die-offs ,  which 
reduce the  population. The present  d e n s i t i e s  i n  the  center  of t h e  range 
i n  Cal i fornia  probably do not  represent  over-crowding, and the re  is no 
evidence tha t  l a r g e  die-offs  have occurred there.  Our da ta  ind ica te  t h a t  
the  number within the  c e n t r a l  por t ion  of the  range is  increasing,  although 
more slowly than t h e  t o t a l  population (Figure 6), probably because the  
excess is r e s u l t i n g  i n  range expansion. However, with continued popula- 
t i o n  growth and range expansion a f a s t e r  r a t e  of increase  is  t o  be expected 
within the  center  of t h e  range because of increas ing dis tances  t o  t h e  per- 
ipher ies  of t h e  range. Eventually, t h i s  undoubtedly w i l l  r e s u l t  i n  over- 
crowding and r e s u l t a n t  extensive die-offs ,  which a r e  c h a r a c t e r i s t i c  of 
over-crowded populations elsewhere (Kenyon, 1969). 
During the  recent  winter  and e a r l y  spr ing months of 1972-73, more 
than th ree  t i m e s  t h e  number of carcasses was recovered than during any 
previous comparable period (see sec t ion  on Examination of Sea Otter Re- 
mains). This was apparently a n a t u r a l  morta l i ty  due t o  a severe winter  
and some crowding a t  t h e  extremes of the  range, where most of the  carcasses 
are usually found. The i n a c c e s s i b i l i t y  of much of t h e  c e n t r a l  range r e s u l t s  
i n  very few carcass  recoveries and makes i t  d i f f i c u l t  t o  determine morta l i ty  
there. This recent  die-off is probably only t h e  beginning of what w i l l  be- 
come an occurrence of increasing proport ions as t h e  Ca l i fo rn ia  population 
continues t o  increase.  
Sexual Segregation. Sexual segregation i n  sea  o t t e r  populations has 
been described by Lensink (1962), Kenyon (1969) and Schneider (1972). This 
knowledge was used by Estes  and Smith (1973) t o  evaluate  e f f e c t s  of t h e  
Cannakin atomic b l a s t  a t  Amchitka. Kenyon repor t s  t h a t  t h i s  behavior i s  
more pronounced among a d u l t s  and subadults  than among younger independent 
animals. Male a reas  reportedly tend t o  be less numerous, smaller and more 
densely populated than female areas. Kenyon reported t h a t  sexually a c t i v e  
males move i n t o  female a reas  i n  search of e s t rous  females. W e  have observed 
t h i s  behavior i n  Cal i fornia  a l s o .  

Our l imi ted  trapping operat ions i n  se lec ted  loca t ions  a t  the  extremes 
of the  range ind ica te  t h a t  sexual segregation is a l s o  c h a r a c t e r i s t i c  of 
the  Cal i fornia  population. A t  t he  extreme southern end of the  range, 26 
sea o t t e r s  were captured with g i l l  n e t s  i n  1969 in  t h e  v i c i n i t y  of Cambria 
Air Force Radar Sta t ion.  A l l  but one of these,  a subadult female, were 
males. 
In 1972, we trapped with the  diver-held device a t  the  southern end 
of t h e  range. Six sea  o t t e r s  captured a t  Cayucos Point ,  then t h e  extreme 
southern end of the  range, and s i x  sea o t t e r s  captured j u s t  nor th  of Point  
Estero were a l l  males. Three sea  o t t e r s  captured i n  the  v i c i n i t y  of Cambria 
w e r e  a l l  females. 
Since a l l  of the  ava i l ab le  evidence indicated tha t  the  southern ex- 
panding f r i n g e  was occupied by males, i t  seemed l i k e l y  tha t  the  extension 
of the  expanding f r i n g e  t o  Point  Buchon i n  1973 consisted of males. In 
ear ly  1973, a t  l e a s t  two of t h e  male sea  o t t e r s  we tagged i n  t h e  Point  
Estero - Cayucos a rea  w e r e  observed off  Point  Buchon, f u r t h e r  supporting 
the  assumption t h a t  t h i s  newly colonized a rea  was occupied pr imar i ly  by 
males. 
A t  the  northern end of t h e  range, seven sea o t t e r s  w e r e  captured off 
Monterey's Cannery Row i n  1970, 1971 and 1972. Only two of these were 
females, one of which w a s  a subadult.  Both females were captured i n  1970. 
Field observations have confirmed t h a t  t h e  Cannery Row area  i s  a male area.  
Ten female sea  o t t e r s  w e r e  captured i n  l a t e  1972 off  D e l  Monte Beach 
i n  t h e  v i c i n i t y  of t h e  Monterey - Seaside border, then the  extreme north- 
ern end of the  es tabl ished range, de l ineat ing t h i s  a s  a female area .  Since 
trapping a t  the  southern end of the  range i n  1969 and 1972 had demonstrated 
t h a t  the  southern expanding f r i n g e  was a male area ,  we were surpr ised  t o  
l ea rn  t h a t  the  extreme northern f r inge  of the  range i n  1972 was  a female 
area. This may have been a female area  s ince  1968, which could explain 
t h e  d i f f e r e n t  expansion pa t t e rn  described i n  the  sec t ion  on ranga expan- 
s ion  which occurred between Point  Pinos and Seaside from 1968 t o  1972. 
Apparently, i n  t h i s  case, a female area  had been es tabl ished beyond the 
expanding male fr inge.  However, both male and female carcasses  have been 
recovered i n  t h e  a rea  and a d u l t  males have been seen i n  the  kelp bed. 
W e  do not  know whether t h e  animals being observed off  Santa Cruz a r e  
males o r  females, although of n ine  carcasses recovered i n  t h e  v i c i n i t y  of 
Moss Landing from 1969 t o  1973, f i v e  have been adu l t  males; m l y  one was 
an adu l t  female. The remainder includes a subadult female and two younger 
animals of undetermined sex. 
Females with small pups help t o  identl.fy female a reas ,  although the 
absence of pups does not  necessar i ly  def ine  male areas.  We observed no 
pups off  D e l  Monte Beach p r i o r  t o  o r  during our trapping operat ions there. 
Also, l a r g e  males have been observed t o - t o l e r a t e  recent ly  weaned immature 
males which may continue t o  exh ib i t  mother-pup behavior by f l o a t i n g  next 
t o  a mature male i n  male r a f t i n g  areas .  
Recently a female w i t h  a pup has been observed o f f  Del Monte Beach. 
Females w i t h  pups a r e  now commonly observed o f f  t h e  Po in t  Pinos - Lovers 
Poin t  a rea .  The C a r m e l  - Poin t  Lobos a r e a  i s  a w e l l  known pupping area .  
Females w i th  pups a r e  observed throughout t h e  c e n t r a l  p o r t i o n  of t h e  range 
and south  t o  a t  l e a s t  Cambria, where they have been commonly seen s i n c e  
1971. Male a r eas ,  very l i k e l y ,  occur  i n  t h e  c e n t r a l  po r t ion  of  t h e  range. 
However, t h e  only  c e r t a i n  way t o  e s t a b l i s h  male-female a r e a s  i s  by captur-  
ing  and tagging a s i g n i f i c a n t  number of animals throughout t h e  range. This  
needs t o  be  done, p a r t i c u l a r l y  throughout t h e  a r e a  a long  t h e  Sea Otter Game 
Refuge, s i n c e  we have t h e  least information about t h i s  l a r g e  a rea .  
Age Groupings. Techniques of ag ing  s e a  o t t e r s  have no t  been r e f i n e d  
t o  t h e  same degree a s  f o r  many o t h e r  mammals. Sea o t t e r  s k u l l s  can be 
d iv ided  i n t o  genera l  age c a t e g o r i e s  based on t h e  e x t e n t  of c a l c i f i c a t i o n  
which r e s u l t s  s u t u r e  fu s ion  and r idge  formation and on too th  develop- 37 ment and wear.- 
Schneider (1972) experimented wi th  sec t ion ing  and s t a i n i n g  sea  o t t e r  
t e e t h  f o r  age determinat ion.  He r epor t ed ly  obtained a c o r r e l a t i o n  of 
est imated ages from t h i s  method with body s i z e  measurements, numbers of 
corpora a l b i c a n t i a ,  age of sexual  ma tu r i t y  and age c l a s s e s  based on too th  
e rup t ion  i n  animals obtained i n  Alaska F ish  and Game ha rves t ing  opera t ions .  
Schneider s t a t e d  t h a t  "The i r r e g u l a r i t y  of cementum l a y e r s ,  presence of 
confusing secondary l i n e s ,  f a i n t n e s s  of t h e  e a r l y  l i n e s  and v a r i a b l e  b i r t h  
d a t e s  make i t  impossible  t o  p r e c i s e l y  determine the  age of most s ea  o t t e r s . "  
H e  concluded t h a t  t h e s e  es t imated  ages  may be i n  e r r o r  by 1 o r  2 years .  
Fur ther  refinement of t h i s  method should inc rease  i t s  r e l i a b i l i t y .  
Schneider c l a s s i f i e d  s e a  o t t e r s  captured o r  k i l l e d  i n  ha rves t ing  oper- 
a t i o n s  i n  Alaska from 1967 through 1970 i n t o  pups, subadu l t s  and a d u l t s ,  
us ing  a v a r i e t y  of methods. He considered males under 11.3 kg (25 l b ) ,  
females under 9.1 kg (20 l b ) ,  and both w i t h  a t o t a l  c u r v i l i n e a r  l eng th  of 
l e s s  than  100 cm (39 inches)  a s  dependent pups. Females under 15.9 kg 
(36 l b )  and s h o r t e r  than 120 cm (47 inches )  and males under 20.4 kg (45 
l b )  and s h o r t e r  than 130 cm (51 inches)  were considered subadul t s .  Larger 
animals were considered a d u l t s .  
While i t  w a s  no t  p o s s i b l e  t o  o b t a i n  l eng ths  of l i v e  animals we captured,  
t h e  r e spec t ive  weights  ob ta ined  dur ing  these  ope ra t ions  can be used t o  
provide a genera l  p i c t u r e  of age  groups i n  our l i m i t e d  a r e a s  of tagging.  
I n  a l l ,  58 sea o t t e r s  (42 males, 16  females) have been captured during 
p r o j e c t  opera t ions  from 1969 through 1972. Weights were obtained on a l l  
bu t  f i v e  and provide some information on age  groupings i n  s e l e c t e d  a r e a s  
a t  the extremes of t h e  range (Tables 4 and 5 ) .  
A r e l a t i v e  aging guide i s  being developed us ing  these  c h a r a c t e r i s t i c s  
a s  a b a s i s  by G. Vic tor  Morejohn a t  Moss Landing Marine Labora tor ies ,  
Moss Landing, Ca l i fo rn i a .  


I n  1969, t h e  a r ea  o f f  Cambria A i r  Force Radar S t a t i o n  was occupied 
l a r g e l y  by a d u l t  males. Only one female, a subadul t ,  ha s  been captured 
i n  t h e  a r e a  south of Cambria. I n  1972, t h i s  gene ra l  area was apparent ly  
s t i l l  occupied by a d u l t  males s i n c e  no subadul t  males and no females were 
captured i n  our  opera t ions  j u s t  n o r t h  of Po in t  Es te ro .  
A t  t h e  same t i m e  i n  1972, o f f  Cayucos Po in t ,  where o t t e r s  had only  
r e c e n t l y  extended t h e i r  range, a h igher  percentage of subadul t  males was 
, captured. 
I n  t h e  Monterey area, a small sample obtained from 1970 t o  1972 pro- 
duced n e a r l y  equal  numbers of a d u l t  and subadul t  males. I n  t h i s  same 
a r e a  o f f  Cannery Row, which we cons ider  a male a r e a ,  two females,  one 
a d u l t  and one subadul t ,  were captured i n  1970. 
I n  1972, i n  a nearby a r e a  o f f  Del Monte Beach, near  Seaside,  then  
t h e  extreme no r the rn  end of t h e  e s t a b l i s h e d  range, 10  captured females 
were evenly divided between a d u l t s  and aubadults .  None of t h e  a d u l t s  
were p a r t i c u l a r l y  l a rge .  
Toward t h e  southern  end of t h e  range i n  1972, i n  t h e  v i c i n i t y  of 
Cambria, one a d u l t  and two subadul t  females were captured i n  an  a r e a  
where females wi th  pups are being more commonly seen.  
The d a t a  on age groupings i n d i c a t e  t h a t  range expansion is  accomp- 
l i s h e d  l a r g e l y  by subadul t s  and younger a d u l t s  of both sexes.  
The female a r e a  a t  t h e  no r the rn  extreme of t h e  range i n  1972 o f f  
Del Monte Beach w a s  composed mostly of subadu l t s  and young a d u l t s .  Of 
t h e  f i v e  males taken o f f  Cannery Row, two were subadul t s  and one 24.0 
kg (53 l b )  animal was a young a d u l t .  
The small sample i n  t h e  southernmost female a r e a  i n  1972 i n  t h e  
v i c i n i t y  of Cambria y ie lded  two subadul t s  t o  t h e  s i n g l e  a d u l t  captured.  
Off Cambria Radar S t a t i o n  i n  1969, a f t e r  o t t e r s  had been i n  t h e  gen- 
e r a l  a r e a  s i n c e  1967, 7 of t h e  19 a d u l t s  were i n  t h e  20.8 - 22.7 kg (46 
- 50 l b )  young a d u l t  range; i n  a d d i t i o n ,  2 subadul t s  were taken. I n  t h i s  
same a r e a  i n  1972, a f t e r  t h e  range had been expanded t o  Cayucos, no males 
under 29.9 kg (66 l b )  were captured.  
A t  t h e  same time i n  1972, of f  Cayucos Po in t ,  then t h e  extreme south- 
e r n  end of t h e  range,  fou r  of s i x  captured males were subadul t s .  
Since we have done no sea o t t e r  cap tur ing  throughout t h e  major c e n t r a l  
po r t ion  of t h e  range, age composition d a t a  are l ack ing  f o r  most of t h e  
populat ion.  More information on age groupings throughout t h e  range is  
needed t o  f u l l y  understand t h e  popula t ion  s t r u c t u r e  and i ts r e l a t i o n s h i p  
t o  range expansion. 
Movements. Kenyon (1969) repor ted  on r e s u l t s  of tagging 224 s e a  
o t t e r s  a t  Amchitka from 1956 t o  1963. Only 28 t a g  r ecove r i e s  were sub- 
sequent ly recorded and t h e  information obtained was considered meager. 
However, Kenyon concluded t h a t  t h e  home range of a female sea  o t t e r  may 
inc lude  8.1 t o  16 .1  km (5 t o  10  mi l e s )  of coas t  and t h a t  males may have 
a l a r g e r  home range than females.  Although s i x  t a g s  from young males 
were recovered, only one of 30 a d u l t  males tagged was recovered. This  
was an  animal which became used t o  being hand f e d  a t  a dock and i t s  be- 
havior  may not  have been r e p r e s e n t a t i v e  of a normal a d u l t  male. 
Kenyon a l s o  concluded t h a t  animals tagged on one s i d e  of t h e  i s l a n d  
did not  move around t o  t h e  o t h e r  s ide .  
I n  our  ope ra t ions ,  46 s e a  o t t e r s  have been tagged and r e l eased ,  in- 
c luding  22 males and 14 females. Only t h r e e  t a g s  have been recovered. 
Severa l  o t h e r s  have been observed from shore ,  bu t  t h e  t a g  numbers u sua l ly  
have not  been d i s c e r n i b l e .  
Two t a g  r ecove r i e s  were from ca rcas ses  of animals  which were t rans-  
loca ted  i n  1969 from Cambria t o  Big Creek and were known t o  have moved 
nea r ly  72.4 km (45 mi l e s )  back t o  t h e  v i c i n i t y  of tagging.  These two 
animals were a t  l i b e r t y  nea r ly  11 months. 
Tag s i g h t i n g s  i n d i c a t e  t h a t  a t  l e a s t  5 of 17 male s e a  o t t e r s  made 
the  journey back t o  t h e  a r e a  of tagging ( see  s e c t i o n  on Trans loca t ion  
wi th in  the  Range), i n  some cases  w i th in  2 months a f t e r  t r a n s l o c a t i o n  
(Odemar and Wilson, 1 9 6 9 ~ ) .  
The only o t h e r  t a g  recovery was from a moribund a d u l t  female,  tagged 
i n  December 1972, 3 months before  recovery. This  animal,  which d i ed  
s h o r t l y  a f t e r  recovery,  had been tagged j u s t  o f f s h o r e  from t h e  recovery 
s i t e  a t  Del Monte Beach nea r  t he  Monterey-Seaside border.  
A subadult  male and a young a d u l t  female tagged of f  Monterey i n  1970 
were observed i n  t he  a r e a  only f o r  a b r i e f  time and have no t  been repor ted  
s ince .  
An a d u l t  male tagged o f f  Monterey on A p r i l  29, 1971, dur ing  develop- 
ment of t h e  diver-held cap tu re  device ,  was subsequent ly observed on numerous 
occasions by a number of d i f f e r e n t  observers  during a per iod  of n e a r l y  15 
months. This  animal was observed by s e v e r a l  persons i n  t he  r a f t i n g  a rea  
o f f  Monterey and i n  t h e  Monterey Marina through June 1971. Then i n  August, 
i t  was repor ted  a t  Poin t  Lobos, 27.4 km (17 mi l e s )  south  along t h e  coas t ,  
i n  a female-pupping a rea .  In  October,  t h i s  o t t e r  was repor ted  a t  Po in t  
Lobos and a t  Monterey wi th in  a per iod of 5 days. In  November i t  w a s  re- 
por ted  seve ra l  t imes a t  Poin t  Lobos and twice a t  Monterey, on one occasion 
4 days before  being seen  a t  Po in t  Lobos. I t  was observed s e v e r a l  t imes 
a t  Poin t  Lobos i n  December, apparent ly  mated with a female. During Jan- 
uary and February i t  was repor ted  a few times i n  t h e  Monterey a r e a  and 
once was repor ted  about h a l f  way between Poin t  Lobos and Monterey. The 
last record we have of  t h i s  animal was an obeeryat ion by one of t h e  au tho r s  
a t  Poin t  Lobos J u l y  9,  1972. The tqg  a t  t h i s  t ime was q u i t e  loose  i n  t h e  
webbing of t h e  foot  and very  l i k e l y  has  subsequent ly been l o s t ,  
A t  l e a s t  two and poss ib ly  more ( s ince  t a g  numbers were no t  d i s c e r n i b l e )  
of t h e  male o t t e r s  tagged a t  t h e  southern  end o f  t h e  range i n  December-1972 
w e r e  subsequently observed a t  least 23 lan (14 mi l e s )  sou th  when range expan- 
s i o n  t o  Poin t  Buchon was accomplished i n  e a r l y  1973. 
Observations a t  Amchitka may not  be  d i r e c t l y  comparable t o  ours ,  s i n c e  
the  Amchitka popula t ion  had occupied a l l  of t h e  a v a i l a b l e  h a b i t a t  f o r  sev- 
eral y e a r s  when tagging was accomplished, while  t h e  C a l i f o r n i a  popula t ion  
i s  s t i l l  expanding i t s  range. Nevertheless ,  our  d a t a  do suppor t   eny yon's 
conclusion t h a t  t h e  male s e a  o t t e r ' s  home range i s  probably l a r g e r  than t h e  
female's.  This  i s  probably due i n  p a r t  t o  movements of males i n t o  female 
a r e a s  f o r  mating. 
Our d a t a  a l s o  sugges t  t h a t  some of t h e  animals i n  concent ra t ions  a t  
t h e  extremes of t h e  range move i n t o  ad j acen t  vacant  h a b i t a t  as food re-  
sources become deple ted .  
Whether animals i n  t h e  concent ra t ions  a t  t h e  extremes of t h e  range 
come from any s i g n i f i c a n t  d i s t a n c e  w i t h i n  t h e  c e n t e r  of t h e  range is  n o t  
known f o r  c e r t a i n .  Data i n  t h e  s e c t i o n  on Popula t ion  Dens i t i e s  suggest  
t h a t  they do. Tagging a s i g n i f i c a n t  number of animals throughout t h e  range 
could provide conclus ive  evidence. 
Examination of Sea O t t e r  Remains 
P r i o r  t o  1968, r eco rds  were kept  p r imar i ly  on sea o t t e r  ca rcas ses  o r  
po r t ions  thereof  which were loaned t o  educa t iona l  and s c i e n t i f i c  i n s t i t u -  
t i o n s  by Departmental permit  t o  comply wi th  t h e  f u l l y  p ro t ec t ed  s t a t u s  of 
s ea  o t t e r s .  Decomposed ca rcas ses  were usua l ly  buried.  Since i t s  incep- 
t i o n  i n  J u l y  1968, t h e  Sea O t t e r  P r o j e c t  developed and continued a program 
of s e a  o t t e r  ca rcas s  recovery,  process ing  and d i s t r i b u t i o n  of remains t o  
ob ta in  information on causes and l e v e l s  of mor t a l i t y .  E f f o r t s  were made 
t o  recover  a l l  c a rcas ses  repor ted .  Carcass m a t e r i a l s  were provided t o  a 
number of r e sea rche r s  a t  va r ious  i n s t i t u t i o n s  f o r  s c i e n t i f i c  s t u d i e s  on 
taxonomy, anatomy, physiology, environmental contaminants,  food h a b i t s  and 
p a r a s i t i s m  i n  s e a  o t t e r s .  A numbering system was devised t o  s imp l i fy  book- 
keeping f o r  c a r c a s s  handl ing and d i spos i t i on .  
Numbers and Locat ions of Carcass  Recoveries 
From J u l y  1968 through June 1973, 222 sea otter carcasses were recorded; 
nea r ly  a l l  were recovered. Except f o r  a s m a l l  peak i n  t h e  numbers of car- 
ca s ses  i n  1970, when 5 1  ca rcas ses  were recorded,  t h e  numbers d id  not  f luc-  
t u a t e  s i g n i f i c a n t l y  from 1969 through 1972. However, i n  e a r l y  1973 a 
s i g n i f i c a n t  i n c r e a s e  i n  t h e  number of ca rcas ses  occurred (Figure 7) .  From 

January through June 1973, 65 carcasses were recovered. The probable 
reasons f o r  the  peaks a r e  discussed i n  t h e  sec t ion  on Cause of Death. 
Carcass r e c w e r i e s  have been concentrated a t  t h e  northern and southern 
ends of t h e  sea o t t e r ' s  range (Figure 8). These two areas ,  which comprise 
less than a t h i r d  of t h e  current  range, accounted f o r  84% of a l l  carcasses 
recorded from Ju ly  1968 through June 1973; 124 (56%) came from between 
Seaside and Yankee Point  and 62 (28%) ceme#frpm between San Simeon Point  
and t h e  south end of Estero Bay. Only 15 (about 7%) bf-~+tho,,,catcasses 
have come from t h e  148 km (92 mile) s t r e t c h  of coas t  'ber'ween Po in t  Sur 
and San Simeon Point .  No carcasses have been recovered from a major por- 
t i o n  of t h i s  a rea  during our co l l ec t ions  (Figure 8). The remainder came 
from nor th  of Seaside and south of Estero Bay. The exact  o r i g i n  of th ree  
carcasses is  unknown. 
Several f a c t o r s  a r e  probably responsible  f o r  t h e  concentrat ions of 
carcass recoveries. Included are: Proximity of human population centers ;  
ease of c o a s t a l  access and a general  publ ic  awareness o f ,  and i n t e r e s t  i n  
sea o t t e r s ,  a l l  of which r e s u l t  i n  a high incidence of carcass  report ing;  
concentrations of human a c t i v i t i e s  such a s  boating, skindiving and f i sh ing ,  
which account f o r  some sea o t t e r  f a t a l i t i e s ;  and concentrat ions of the  
expanding sea  o t t e r  population i n  these  areas with r e s u l t a n t  deplet ion 
of food suppl ies  (see sec t ion  on Population Densit ies) .  
The low incidence of carcass  recoveries throughout the  major c e n t r a l  
port ion of t h e  range is probably due, i n  p a r t ,  t o  t h e  ruggedness and in- 
a c c e s s i b i l i t y  of much of t h i s  area.  It may a l s o  be due t o  t h e  lower 
densi ty of animals whYch occurs there.  Kenyon (1969) repor t s  t h a t  the  
r a t e  of sea o t t e r  mor ta l i ty  w a s  considerably less f o r  low densi ty  popula- 
t i o n s  around c e r t a i n  i s l ands  in the  nor th  Paci f ic .  
A few carcasses have come from a reas  w e l l  beyond range boundaries i n  
recent  years. Two have come from Point  Reyes, nor th  of San Francisco, 
s ince  1970 and one w a s  found at  San Miguel Is land i n  1971 (see sec t ion  on 
Range Expansion) . 
The locat ion of a carcass recovery does not always provide a p rec i se  
locat ion of where the  animal died. Sea o t t e r s  r a r e l y  come ashore i n  
California,  although some may be more ap t  t o  when i n  d i s t r e s s .  Never- 
the less ,  most of the  deaths probably occur i n  t h e  w a t e r  and, s ince  sea  
o t t e r  carcasses f l o a t ,  they usual ly  wash ashore. 
Several carcasses i n  recent  years have been recovered at the  south 
end of Estero Bay beyond what was t h e  southern end of the  range p r i o r  t o  
1973. These carcasses  presumably d r i f t e d  across  the bay and washed ashore 
on beaches o r  the  sand s p i t  i n  t h e  v i c i n i t y  of Morro Bay. 
Some of the  carcasses  found i n  t h e  area from Seaside t o  Moss Landing 
near the  nor th  end of t h e  range probably d r i f t e d  i n  from t h e  Monterey - 
P a c i f i c  Grove area. Because of d r i f t i n g  carcasses,  p r e c i s e  information 
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on male-female areas cannot be determined from carcass recoveries. A 
majority of carcasses probably are recovered within a general vicinity 
of where the animal dfed so that some trends are indicated. 
Sex and Age Composition of Carcasses 
Of all carcasses recorded from July 1968 through June 1973, 125 were 
males, 78 were females and 19 were of undetermined sex. At least eight 
of those of undetermined sex remain to be necropsied before sex will be 
determined. 
A majority of the carcasses from the southern end of the range were 
males (Figure 8). This is not unexpected since tagging studies have in- 
dicated that the southern expanding fringe has been occupied mainly by males. 
At the northern end of the range, a majority of the carcasses recov- 
ered in the area from Camel to Point Sur have been females, while a majority 
of those from the Monterey area have been males. The data suggest the pos- 
sibility of a male area just south of Point Pinos, since a majority of the 
few carcasses recovered in this area were adult males. The number of female 
carcasses in the Monterey to Seaside area suggests the probability of a 
female area in the vicinity since most of these female carcasses were adults 
and subadults. The evidence for a female area off Del Monte Beach near the 
Monterey-Seaside border is discussed in the section on Sexual Segregation. 
During 1969 and 1970, approximately 2/3 of all carcasses were adults, 
while most of the remainder were subadults. A few pups were recovered 
during this period (Table 6). In 1970, the carcasses were evenly divided 
between adults and subadults. During 1972 and 1973, nearly 213 of all 
carcasses were subadults and pups. In 1973, a significant peak in car- 
casses of all ages occurred during the first half of the year (Figure 7); 
larger numbers of subadults and pups were recovered during this period than 
during any previous entire year (Table 6). 
-. ' 
- y 
Cause of Death 
The condition of carcasses when found r a w s  from portions of skeletons 
or badly decomposed remains to very fresh remains. At times moribund otters 
are recovered which die soon thereafter. Carcasses in good to fresh condi- 
tion provide the best indications of cause of death. Only fresh carcasses 
known to have died within a matter of a few hours before recovery are sat- 
isfactory for determination of tissue pathology. 
Some indication of cause of death, such as evidence of external in- 
juries, is at times apparent when a carcass is recovered. Additional 
information has been obtained from necropsies conducted on selected car- 
casses. A total of 88 necropsy reports was compiled from July 1968 through 
June 1973. Necropsies were conducted by project personnel and other quali- 
fied persons in mammology, medical and veterinary fields. Causes of death 
on 13 sea otters were analyzed by Mattison and Hubbard (1969). A number 
of carcasses from late 1972 and early 1973 remain to be necropsied. 

No indicat ion of cause of death was obtained on a t  l e a s t  62 carcasses. 
Most of these  were badly decomposed o r  i n  some cases were only por t ions  of 
a carcass. A few were good carcasses which were provided f o r  freeze-dry 
taxidermy processing, o i l  cleaning experiments, or  o ther  s c i e n t i f i c  o r  
educational uses which required an e n t i r e  carcass.  
Four sea o t t e r s  drowned i n  n e t s  during Departmental tagging and trans- 
loca t ing  s tudies .  An add i t iona l  o t t e r  w a s  drowned i n  a n e t  being f i shed 
i n  Elkhorn Slough near Moss Landing. 
Four sea  o t t e r s  have died i n  cap t iv i ty ,  th ree  a t  t h e  Biological  Sonar 
Laboratory, Fremont, Cal i fornia ,  and one a t  Sea World, Sari'. ~ i e ~ o ,  California.  
Trauma which appeared t o  have caused o r  contributed t o  cause of death 
was observed in at  least 69 carcasses. Poss ib le  causes of t raumatic in- 
j u r i e s  include being dashed on rocks, p a r t i c u l a r l y  i n  weakened animals, 
during prolonged storm condit ions;  boating accidents;  n a s a l  i n j u r i e s  t o  
females during mating a c t i v i t i e s ;  f ight ing;  and i n j u r i e s  i n t e n t i o n a l l y  
i n f l i c t e d  by humans, including spearing,  shooting o r  blows. 
A t  l e a s t  22 carcasses  showed evidence of being h i t  by a boat propel ler .  
This i s  usually characterized by a series of p a r a l l e l  gashes which may be 
on the  animal's s ide ,  dorsa l ,  o r  v e n t r a l  a rea ,  depending upon what t h e  animal 
was doing when i t  was h i t .  A few more animals may have been h i t  by boats ,  
but  i t  was not  always read i ly  apparent from the  wounds. 
Shooting w a s  determined a s  a cause of death i n  s i x  carcasses  from which 
b u l l e t s  o r  shotgun p e l l e t s  were recovered. A t  l e a s t  n ine  add i t iona l  car- 
casses had wounds which indicated  poss ib le  shooting and a few more had 
penet ra t ing  wounds which could have resu l t ed  from shooting o r  spearing. 
Of t h e  15 carcasses which were d e f i n i t e l y  o r  most l i k e l y  shot ,  12 occurred 
from l a t e  1969 through mid-1970. There is l i t t l e  ind ica t ion  t h a t  shooting 
has been much of a problem s ince  1970. 
Analysis of boating and shooting deaths ind ica tes  t h a t  animals were 
more l i k e l y  t o  be h i t  by a boat  a t  the  nor th  end of the  range, while they 
w e r e  more o f t en  shot  a t  t h e  south end of t h e  range (Table 7). 
TABLE 7. Area of Recovery of Sea Otter Carcasses H i t  by Boats and Shot 
i n  Cal i fornia  from J u l y  1968 through J u l y  1972. 
North End South End 
of Range of Range Tota l  
Number 
h i t  by boats  16 
Number shot 3 12 15 
Of 86 ca rcas ses  r e c ~ v e r e d  i n  1969 and 1970, more than 20% were animals 
t h a t  d ied  during capture ,  i n  c a p t i v i t y  o r  were i l l e g a l l y  sho t .  Most of 
t h e s e  m o r t a l i t i e s  occurred i n  animals from t h e  southern  end of t he  range 
( 3  capture  drownings, 3 cap t ive  dea ths  and 10 s h o o t h g s ) .  Most of t h e  
shoot ings  were most l i k e l y  due t o  commercial abalone fishermen who, by 
1971, were forced  t o  abandon t h e  once very product ive  red  abalone beds 
n o r t h  of Morro Bay because of forag ing  a c t i v i t i e s  of an expanding sea  o t t e r  
populat ion ( see  Food Habits  Sec t ion  and Appendix I ) .  Three commercial f i sh -  
ermen w e r e  a r r e s t e d  by Departmental wardens and were convicted of shoot ing 
sea  o t t e r s  i n  1970. It is  rumored t h a t  40 t o  50 s e a  o t t e r s  may have been 
sho t  dur ing  t h i s  per iod  (Warden Captain W. Klein,  CDFG, pe r s .  commun.), 
which, wi th  t h e  foregoing information,  he lps  t o  exp la in  t h e  peak i n  ca rcas ses  
i n  1970. 
Another t raumat ic  cause of dea th  occurred i n  an immature female which 
was found i n  a  moribund condi t ion  wi th  a  p i ece  of monofilament f i s h i n g  l i n e  
wound t i g h t l y  around and c u t t i n g  i n t o  i t s  c h e s t ,  pos s ib ly  prevent ing  ade- 
qua te  r e s p i r a t i o n .  Th i s  animal was t r e a t e d  by a  v e t e r i n a r i a n ,  bu t  d ied  of 
s t r e s s  s e v e r a l  hours  a f t e r  being found. 
Although t h e r e  i s  l i t t l e  evidence t h a t  f i g h t i n g  is a  s e r i o u s  problem 
among sea  o t t e r s ,  we observed n i c k s  and c u t s ,  both f r e s h  and healed,  on 
some of t he  l a r g e  a d u l t  males we captured a t  Po in t  Es te ro ,  which suggested 
the  p r o b a b i l i t y  of f i g h t i n g .  We a l s o  observed on a  captured male a  l a r g e  
nose s c a r ,  which was s i m i l a r  t o  nose s c a r s  on females  from mating encounters.  
While t h e s e  wounds would not  be l i k e l y  t o  cause dea th ,  i t  i s  p o s s i b l e  t h a t  
they could become i n f e c t e d  with r e s u l t a n t  complicat ions.  
Fur ther  evidence t h a t  human a c t i v i t i e s  do not  account f o r  a l l  t rau-  
mat ic  i n j u r i e s  is  a v a i l a b l e  from Amchitka where, of 83 ca rcas ses  examined 
i n  1959, 21 had p o s s i b l e  phys i ca l  i n j u r y  ind ica t ed  (Kenyon, 1969). No in-  
d i c a t i o n  of human causes was mentioned. 
Other causes of dea th  inc lude  i n f e c t i o n  o r  s t a r v a t i o n  with a s s o c i a t e d  
symptoms of hemorraghic e n t e r i t i s  and o the r  s t r e s s  symptoms; drowning, 
which may be secondary t o  trauma, i n f e c t i o n  o r  s t a r v a t i o n ;  i n t e s t i n a l  
p a r a s i t i c  i n f e s t a t i o n s ;  and occas iona l ly  performations of t h e  gut  from 
food d e b r i s  o r  p a r a s i t e s  wi th  r e s u l t a n t  p e r i t o n i t i s .  
One a d u l t  female i n  e x c e l l e n t  condi t ion  wi th  cons iderable  body f a t  
apparent ly died a t tempt ing  t o  g ive  b i r t h  s imultaneously t o  twin f e tuses .  
Twinning is  q u i t e  r a r e  i n  s ea  o t t e r s  and a  female probably could not  ade- 
qua te ly  ca re  f o r  two pups i f  they  were born succes s fu l ly .  
A considerable weight l o s s  pr ior  t o  death i s  common i n  s ea  o t t e r s  
dying from s t a r v a t i o n  o r  o the r  prolonged stress condi t ions .  A s  much a s  
a fou r th  t o  a  t h i r d  of t h e  body weight may be l o s t  f a i r l y  r ap id ly  under 
such condi t ions .  A 21 kg (46 l b )  female we captured and tagged i n  December 
1972 weighed only 14 kg (31  l b )  when recovered i n  a moribund, emaciated 
condi t ion  3  months l a t e r .  For t h i s  reason,  length-weight r a t i o s  of most 
beach dead animals a r e  of l i t t l e  use  f o r  age determinat ions.  
There is  l i t t l e  evidence t h a t  predation by other  animals causes any 
s i g n i f i c a n t  morta l i ty  i n  sea o t t e r s  t n  California.  Sharks have occasionally 
been implicated i n  sea o t t e r  deaths (Orr, 1959; Kenyon, 1969). One of t h e  
carcasses we examined had a series of c u t s  which might have been due t o  a 
shark b i t e .  
There J.s less evidence t h a t  k i l l e r  whales prey t o  any extent  on sea  
o t t e r s .  Several observations have been made of sea o t t e r s  and k i l l e r  whales 
i n  t h e  same v i c i n i t y  i n  Alaska (Kenyon, 1969) and i n  Ca l i fo rn ia  with l i t t l e  
indicat ion of awareness of each o the r  by e i t h e r  t h e  o t t e r s  o r  whales. 
Bald eagles  have been determined t o  prey on l i v e  sea o t t e r  pups a t  
Amchitka ( E s t e s  and Smith, 1973), but we have no evidence t h a t  anything 
similar present ly  occurs i n  Cal i fornia .  
The overa l l  minimum of predation by o the r  animals is probably a f a c t o r  
i n  t h e  remarkable comeback of sea  o t t e r s  i n  most a r e a s  where remnant popu- 
l a t i o n s  pe r s i s t ed  a f t e r  t h e  f u r  t r a d e  of the  1700's and 1800's. 
During t h e  winter  and e a r l y  spr ing of 1972-1973, a s i g n i f i c a n t  increase  
i n  carcass  recoveries occurred (Figure 7 ,  Table 6). From January through 
June1973, 65 carcasses were recovered, 55 of which occurred from January 
through April.  This is more than 2-1/2 t i m e s  t h e  h ighes t  number i n  any 
previous comparable January t o  Apr i l  period. There was l i t t l e  evidence 
of external  i n j u r i e s  among t h e  carcasses. Furthermore, the  r e l a t i v e l y  
severe winter  condit ions with extended periods of storms and rough seas 
undoubtedly resul ted  i n  much less boating, f i sh ing  and skindiving ac t iv-  
i t ies  during t h i s  period. 
Although many of the  carcasses remain t o  be necropsied, it is evident  
tha t  a s i g n i f i c a n t  majori ty of them a r e  i n  t h e  independent young (subadult) 
and pup age groups (Table 6). Several carcasses were apparently aged adul ts .  
I n  a l l  p robab i l i ty  some of those t e n t a t i v e l y  l i s t e d  a s  a d u l t s  w i l l  be i n  
the  subadult category when s k u l l s  a r e  processed f o r  aging. 
Kenyon (1969) repor t s  t h a t  a female may abandon a pup when it becomes 
d i f f i c u l t  t o  ob ta in  enough food f o r  both of them, p a r t i c u l a r l y  during 
severe winter  storm periods. Such behavior could account f o r  t h e  l a r g e  
number of pup carcasses  recovered during l a t e  1972 and e a r l y  1973 (Table 
6) * 
Many carcasses of independent subadults  ( juveni les)  a t  Amchitka during 
winter-spring die-offs  were found t o  have malocclusions of t h e  t e e t h  which 
occurs when permanent t e e t h  a r e  erupting,  This probably makes foraging 
more d i f f i c u l t  during these  periods. Eventual examination of skulls will 
determine whether t h i s  i s  a s i g n i f i c a n t  f a c t o r  i n  the  l a r g e  number of sub- 
adul t  carcasses we recovered during e a r l y  1973. Nevertheless, s i g n i f i c a n t  
numbers of t h e  carcasses  were i n  t h i s  age group during late 1972 and e a r l y  
1973. Animals i n  t h i s  age group are a l s o  probably less s k i l l e d  at forag- 
ing, which i s  a problem p a r t i c u l a r l y  during severe winters .  
Severa l  of t h e  ca rcas ses  were aged a d u l t s  as determined by s i z e  and badly 
worn and broken t ee th .  This  condi t ion  makes foraging  more d i f f i c u l t  p a r t i c -  
u l a r l y  on small hard-shelled organisms, which animals may have t o  e a t  more 
o f ,  where food s u p p l i e s  a r e  deple ted .  
Of t h e  65 ca rcas ses  recovered from January through June 1973, 37 were i n  
good t o  f r e s h  condit ion.  Of these ,  12  (more than 30% of t h e  37) which were 
mostly f r e s h  ca rcas ses ,  have been necropsied.  The most common observa t ions  
a r e  emaciat ion,  hemorrhagic e n t e r i t i s  and pneumonia. In  some cases ,  heavy 
acanthocephalan p a r a s i t e  l oads  were p re sen t  i n  t h e  gut.  
The age groups a f f e c t e d  and t h e  symptoms observed i n d i c a t e  a  n a t u r a l  mor- 
t a l i t y  due t o  crowding and deple ted  food s u p p l i e s ,  p r imar i ly  a t  t h e  extremes 
of t h e  range, combined wi th  r e l a t i v e l y  severe  w in te r  condi t ions .  These ob- 
s e rva t ions  p a r a l l e l  those  repor ted  a t  Amchitka where h igh  l a t e  w in te r  - e a r l y  
sp r ing  d ie -of fs  a r e  common (Kenyon, 1969). The high incidence of human caused 
dea ths  i n  r ecen t  yea r s  may have been a  f a c t o r  i n  de lay ing  o r  reducing t h e  
s e v e r i t y  of win ter  d ie -of fs  i n  Ca l i fo rn i a .  A s  t h e  popula t ion  cont inues  t o  
grow and expand i n  C a l i f o r n i a ,  i nc reas ing  winter-spring d ie -of fs  s i m i l a r  t o  
t h a t  which occurred i n  1972-1973 can be expected. 
More d e t a i l e d  ana lyses  of necrops ies  w i l l  be publ ished s e p a r a t e l y  by 
var ious  r e sea rche r s  who have been involved i n  t h e  necropsy program. 
Other S c i e n t i f i c  S tud ie s  of Remains 
Taxonomy. Decomposed ca rcas ses ,  s k u l l s  and o t h e r  s k e l e t a l  remains were 
provided t o  Aryan Roest of C a l i f o r n i a  Poly technic  S t a t e  Univers i ty  a t  San 
Luis Obispo f o r  taxonomic s t u d i e s  of  s ea  o t t e r s .  On the  b a s i s  of a  l a r g e  
quan t i t y  of m a t e r i a l s  which he examined from s e a  o t t e r  popula t ions  from t h e  
Aleut ian I s l ands ,  mainland Alaska, and C a l i f o r n i a ,  Roest ( In  p r e s s )  recog- 
n i z e s  only  two subspecies  of s ea  o t t e r s ,  Enhydra Zutris  Zutris  and E. 2. 
grac i l i s .  Roest does not  cons ider  E. 1. nercis  t o  be a  v a l i d  subspecies .  
E.  2 .  l u t r i s  ranges through t h e  Commander and Aleut ian  I s l ands  t o  P r ince  
William Sound, Alaska, and inc ludes  a d i s j u n c t  popula t ion  i n  C a l i f o r n i a .  I n  
recent  yea r s ,  o t t e r s  from Amchitka have been t r ans loca t ed  t o  southeas te rn  
Alaska, B r i t i s h  Columbia, Washington, and Oregon. According t o  Roest,  t he  
Ca l i fo rn i a  popula t ion  r ep re sen t s  t h e  southern extreme of a  c l i n e  which or ig-  
i n a l l y  involved a  continuous d i s t r i b u t i o n  of s e a  o t t e r s  a long t h e  e n t i r e  
P a c i f i c  coas t  of North America. 
E. 2. grac i l i s  is found around t h e  Kur i l e  I s l a n d s  and t h e  southern t i p  
of t he  Kamchatka peninsula  of S i b e r i a .  E. 2 .  graciZds a s  descr ibed by Barabash- 
Nikoforov (1947) on t h e  b a s i s  of very  few specimens appears  t o  be a  v a l i d  sub- 
spec i e s  al though Roest d id  no t  examine m a t e r i a l s  from these  populat ions.  
Anatomy and Physiology. G. Vic tor  Morejohn a t  Moss Landing Marine Lab- 
o r a t o r i e s  is studying sea  o t t e r  s k u l l s  and baculae f o r  determinat ion of r e l -  
- - 
a t i v e  age c l a s s e s  i n  sea o t t e r s .  He i s  developing a  r e l a t i v e  aging guide 
based on ex ten t  of o s s i f i c a t i o n  and t e e t h  condi t ion  i n  s e a  o t t e r  s k u l l s .  
Carcass materials provided to Hopkins Marine Station of Stanford 
University, Pacific Grove, have been used for a complete anatomical de- 
scription of the sea otter's forelimbs (L. D. Howard, in press). Howard 
is working on a similar description of the sea otter's hindlimbs. 
Three carcasses and an additional pair of kidneys have been provided 
to Vermont State University where anatomical and physiological studies 
of the sea otter's kidneys are in progress by Roy Horst of VSU and 
Fred Tarasoff of Nova Scotia Teachers College. 
Environmental Contaminants. Sea otter tissue samples have been pro- 
vided to the Department's Pesticide Laboratory, Hopkins Marine Station, 
and Moss Landing Marine Laboratories to test for chlorinated hydrocarbon 
pesticides (DDT and its derivatives DDD and DDE), polychlorinated biphenyls 
(PCB's) and trace and major elements. 
Although levels of DDT and its derivatives in sea otter tissues show 
wide variances, they are generally lower than those found in sea lions 
and brown pelicans (Table 8). However, except for fatty tissues, the 
harbor seals tested had lower levels than those found in sea otters. Since 
chlorinated hydrocarbons have an affinity for fatty tissues, animals with 
thick blubberlike layers such as sea lions and harbor seals generally show 
much higher levels in these fatty tissues than sea otters, which have no 
blubber and relatively little body fat. Lower levels in sea otter tissues 
relative to some other marine mammals and birds is attributed to sea otters' 
feeding at a lower trophic level. 
Levels of DDE, the main residue of the pesticides tested, have been 
conducted on an additional 31 samples of sea otter liver tissues at Hopkins 
Marine Station. These DDE levels fall within the range of total DDT in sea 
otter tissues in Table 8 (James Rote, pers. commun.), although the mean (3.2 
ppm) is slightly higher for these additional samples which came mostly from 
1971 to 1973 carcasses. 
Sea otter tissues also show quantifiable levels of PCB's (Jack Linn; 
James Rote, pers. commun.). The liver tissues tested for DDE are also being 
tested for PCB levels by Rote, but the results were not available at the 
time of this writing. His preliminary analysis indicates that all of the 
samples show a pattern which matches industrial PCB's. 
Tests for a wide range of trace and major elements in sea otter kidney, 
liver and muscle tissues have been conducted by John Martin at Moss Landing 
Marine Laboratories (Table 9). These levels will provide the basis for 
analysis and comparison with additional sea otter samples and other animals. 
Martin is currently performing statistical analyses on the relationship of 
these elements to age, weight, sex, year and season collected, cause of 
death, food habits, etc., in an attempt to understand the significance 
of the levels observed. Levels in sea otter tissues are also being com- 
pared with sea lion tissues. A preliminary observation is that sea otters 
TABLE 8. Levels (ppm) of DDT and I t s  Der ivat ives  DDD and DDE i n  Various Tissues  
of Sea O t t e r ,  C a l i f o r n i a  Sea Lion, Harbor Seal ,  Brown Pe l i can  and Murre 
in Cal i fo rn ia .  
ND = Not detected.  
BRAIN 
Sample S i z e  
Range 
Mean 
FAT 
Sample S ize  
Rw3e 
Mean 
KIDNEY 
Sample S ize  
Range 0 
Mean 
LIVER 
Sample S lze  
Range 
Mean 
MUSCLE 
Sample S ize  
Range 
Mean 
Date a r e  from Shaw (1971) and Jack Linn, C a l i f o r n i a  Department of F i sh  and Game, P e s t i -  
c ide  Laboratory (pers.  corn. ) . 
Sea O t t e r  
1 6  
0.10 - 34 
5.3 
7 
0.41 - 36 
11 
1 9  
0 . 0 0 6 9 - 1 2  
4.5 
2 3 
0 . 0 3 2 - 1 5  
2.7 
2 
1.8 - 12 
7.0 
Harbor Sea l  
2 
0.67 - 1.6 
1.1 
4 
8.0 - 160 
48 
- 
7 
0.02 - 0.10 
-0.06 
9 
ND - 3.0 
0.79 
2 
0.08 -' 0.58 
0.33 
C a l i f o r n i a  
Sea Lion 
3 
38 - 74 
51  
2 
400 - 720 
560 
4 
4 . 4 - 3 2  
11 
3 
6 . 0 - 1 2  
8.4 
1 
2.7 
2.7 
Brown Pe l i can  
1 3  
0.26 - 160 
4 8 
1 
26 
26 
Murre 
22 
0.26 - 64 
15 ' 
I I I 
1 
75 
7 5 
7 
2.7 - 330 
8 8 
I 
I 
18 -1 
0.16 - 7.1  
1.8 
TABLE 9. Levels (ppm W e t  weight) of Several  Trace and Major Elements i n  Sea O t t e r  Tissues.* 
* Data provided by John Martin, Moss Landing Marine Laborator ies ,  Moss Landing, C a l i f o r n i a ,  working under E.P.A. Grant 
No. R802350. 
t Sample s ize :  Kidneys, 1 8  females, 23 males; Liver ,  18  females, 24 males; Muscle, 9 females, 1 5  males. 
% ND = Not detected. 
- 
KIDNEYt 
Range 
Female 1 
Mean 
Range 
Male { 
Mean 
LIVERt 
Range 
Female { 
Mean 
Range 
Male { 
Mean 
MUSCLEt 
Range 
Female { 
Mean 
. Range 
Male { 
Mean 
Al3 
0.04- 
2.64 
1.19 
N& 
1.75 
0.47 
Cd 
0.21- 
165.57 
42.13 
0.18- 
70.73 
24.14 
0.06- 
107.37 
20.57 
ND- 
24.53 
9.56 
ND- 
3.02 
0.66 
ND- 
1.34 
0.37 
Hg 
0.03- 
3.93 
0.79 
0.04- 
5.70 
1.53 
0.11- 
8.11 
2.18 
0.11- 
8.83 
3.91 
0.04- 
0.80 
0.30 
0.01- 
1.62 
0.49 
Cu 
3.4- 
12.6 
7.9 
2.9- 
23.1 
8.1 
3.4- 
116?7 
43.5 
16.8- 
60.9 
37.4 
1.5- 
4.2 
2.42 
1.1- 
6.4 
2.5 
Zn 
21.9- 
67.4 
41.2 
19.6- 
69.4 
38.9 
32.7- 
104.9 
59.6 
31.0- 
72.0 
50.9 
37.1- 
76.4 
50.1 
22.4- 
74.9 
42.2 
Fe 
64- 
212 
11 7 
56- 
233 
141  
92- 
1012 
337 
59- 
1983 
461 
68- 
233 
133 
59- 
278 
129 
Pfn 
0.57- 
1.57 
0.96 
0.74- 
1.74 
1.08 
0.79- 
9.17 
4.56 
0.90- 
9.06 
3.23 
0.06- 
0.30 
0.17 
0.02- 
0.32 
0.18 
Ca 
33- 
486 
139 
62- 
2080 
303 
26- 
940 
237 
44- 
931 
228 
21- 
368 
118 
38- 
259 
115 
K 
1230- 
2360 
1670 
1180- 
2790 
1820 
830- 
2230 
1560 
890- 
2440 
1480 
1140- 
3420 
2420 
1260- 
3300 
1970 
S r 
0.21- 
6.66 
1.45 
0.27 
19.79 
2.39 
0.15- 
3.60 
1.13 
0.26- 
7.28 
1.45 
0.28- 
1.79 
0.69 
0.35- 
2.93 
0.97 
Na 
1360- 
4960 
2100 
1250- 
3150 
1870 
1190- 
6220 
2000 
1160- 
3720 
1920 
570- 
7500 
1900 
820- 
4830 
1870 
MIX 
91- 
574 
217 
125- 
559 
272 
139- 
936 
296 
87- 
' 566 
255 
139- 
530 
236 
124- 
445 
238 
have relatively high leyels of cadmium (Cd) while sea lions apparently 
have more of a tendency to concentrate mercury (Hg) (John Wrtin, pers. 
commun. ) . 
Levels of Cd and Hg in sea otter tissues determined by the Depart- 
ment's Laboratory fall within the range in Table 9. Departmental testing 
for lead (Pb) in sea otter tissues has generally produced levels of less 
than 1.0 ppm (Jack Linn, pers. commun.). 
Parasites. External parasites have been found to be extremely rare 
on sea otters in the wild. Light infestations of the nasal mite, HaZa- 
ruche miroungae, on sea otters were considered fortuitous by Kenyon 
(1969), who also reported a massive infection of nasal mites in a captive 
female which was held in a fresh water pool for several years. We have 
not examined sea otters for nasal mites to any extent in California. 
Five sea otter pelts from California were examined at Pennsylvania State 
University for external parasites during 1972 and 1973. No external para- 
sites of any kind were found on these pelts (Ke Chung Kim, pers. commun.). 
A variety of internal parasites have been recorded for sea otters in 
northern populations, including trematodes, cestodes, nematodes and acanth- 
ocephalan worms in various internal tissues (Rausch, 1953; Kenyon, 1969). 
Acanthocephalan parasites have been found to be very common in the 
intestines of sea otters in California (Hennesy, 1972). Hennesy identi- 
fied four species of acanthocephalans of which Corynosoma macrosom was 
by far the most common. The three other species, FaZsifiZicoZZis aZtmani, 
F. kenti, and F. major were quite rare. Parasite loads in the 31 otters 
he examined ranged from none to 511 worms and were, in general, higher for 
females. The highest count in a male was 100. 
We have occasionally observed even higher acanthocephalan loads, 
presumably Ccryvosoma, in sea otter intestines in both males and females. 
The load often appears the heaviest in about the third to sixth meter 
(5 to 18 ft) of the intestine, which is about 9 to 11 m (approximately 
30 to 36 ft) in the sea otter. One subadult female we examined had an 
infestation estimated to be in excess of 3,000 worms with at least 2,500 
in the third to fifth meter of intestine. The level at which the para- 
site load becomes detrimental to a sea otter is probably not known, but 
it would seem that high loads must have some adverse effect on an animal. 
One female we recently necropsied had the intestinal wall perforated by 
these worms with resultant peritonitis, which probably contributed to 
the demise of the animal. The total load in this animal was 196 worms. 
Eight sea otters chosen at random from 150 harvested in the spring 
of 1962 at Amchitka had a total of 271 Corynosoma sp. with a range of 1 
to 98 individuals (Kenyon, 1969). These otters, we presume, were mainly 
healthy animals. Although Kenyon did not mention loads of these parasites 
during winter-spring die-offs at Amchitka, ft seems probable that animals 
with large infestations would be more likely to succumb during a period 
of environmental stress than animals with fewer of these parasites. The 
relationship between age and parasite load also bears further investigation. 
Ecological Studies 
Habitat Surveys 
Both intertidal and underwater studies have been conducted throughout 
the sea otter's range to provide information on ecological relationships 
between sea otters and their environment. 
Seven permanent intertidal stations were established and the biotic 
assemblages were surveyed. Three stations were surveyed between Cambria 
and Point Estero (two of which were established prior to the influx of 
sea otters into the area), one near Point Piedras Blancas, one near Point 
Sur, one in the yicinity of Pacific Grove and one in Point Lobos State 
Reserve. 
Two stations located in the Cambria to Point Estero area were resur- 
veyed and appeared to show evidence of sea otter foraging. These two 
stations, 30 m by 2 m (98 ft by 7 ft) in size, were located where public 
access is not permitted and human use is insignificant. Apparent sea 
otter foraging is evidenced by a reduction in numbers of black abalones 
and their restriction to protected habitat. Between 1969, when sea otters 
were first moving into this area, and 1971 there was a reduction in black 
abalones by 28% (162 to 117) at one station, while at the other there was 
a reduction of 31% (285 to 179). Initially many black abalones were ob- 
served in exposed areas, while the last survey revealed few remaining in 
open habitat. In addition, food habits observations in the vicinity have 
shown black abalones in the sea otter's diet. 
Resurveys of stations near Point Sur and Point Piedras Blancas, well 
within the established range of sea otters, showed few biotic changes from 
the initial survey conducted in 1969. 
Numerous random underwater surveys, including both measured transects 
and general habitat reconnaissance dives, have been made throughout the 
sea otter's range to measure the relative abundance of sea otter forage 
items. Wherever sea otters feed in significant numbers, preferred forage 
items such as abalones, sea urchins, and crabs become depleted and limited 
to rocky crevices and other protected habitat as was described by Ebert 
(1968b), except that this pattern of depletion now extends into habitat 
more recently occupied by sea otters. 
Underwater reconnaissance surveys in late 1970 in the vicinity of 
Santa Cruz to Ano Nuevo indicated that the forage items and kelp bed 
habitat available would support a sea otter population expansion in this 
area. 
Food Habits Studies 
Observations of foraging sea  o t t e r s  i n  Cal i fornia  have been reported 
upon by a number of observers including Fisher  (1939); Limbaugh (1961); 
Hall and Schal ler  (1964); Boolootian (S ta te  of Cal i fornia .  Senate Fact 
Finding Committee on Natural Resources, Subcommittee on Sea Otters. Affect  
of the  Sea Otter on the  Abalone Resource. Transcr ip t  of Hearing, San Luis 
Obispo, November 19, 1963.); Ebert (1968a); and Vandevere (1969). These 
s tud ies  vary considerably i n  the  reported composition of food i t e m s  i n  t h e  
sea  o t t e r ' s  d i e t  s ince  they were done i n  d i f f e r e n t  a reas  a t  d i f f e r e n t  t i m e s  
and where sea  o t t e r s  had been es tab l i shed  f o r  varying lengths  of time. 
Ebert compared food h a b i t s  observations by Fisher ,  Hall  and Schal ler ,  
and Boolootian with h i s  s t u d i e s  a t  Pico Creek, where sea  o t t e r s  had re- 
cent ly  become permanently established.  Ebert concluded t h a t  a v a i l a b i l i t y  
and preference of food i t e m s  determined, t o  a l a r g e  extent ,  the  composi- 
t i o n  of the  sea  o t t e r ' s  d i e t .  Eber t ' s  ana lys i s  a l s o  ind ica tes  that when 
sea  urchins,  abalones and rock crabs a r e  ava i l ab le  i n  abundance, which 
occurs only i n  a reas  newly colonized by sea  o t t e r s ,  they w i l l  c o n s t i t u t e  
a major percentage of t h e  o t t e r ' s  d i e t ;  furthermore, he demonstrated t h a t  
populations of these inver tebra tes ,  e spec ia l ly  red sea  urchins and abalones, 
become s i g n i f i c a n t l y  reduced with continued sea  o t t e r  foraging, and sea  
o t t e r s  exer t  a considerable impact on these  resources used by man. 
Vandevere observed sea  o t t e r  food h a b i t s  i n  th ree  d i f f e r e n t  a reas  i n  
1969, one of which was a newly colonized a rea  near Cambria. In  t h e  Cambria 
a rea ,  Vandevere reported only abalones and crabs i n  the  o t t e r ' s  d i e t ,  with 
abalones accounting f o r  88%. In t h e  o ther  two a reas ,  where o t t e r s  had been 
es tabl ished f o r  many years ,  t h e  d i e t  was more d iverse  and abalones were 
considerably less s i g n i f i c a n t  (5.1% a t  Pt .  Lobos near Camel  and 25% a t  
Lopez Point ) .  Since Vandevere did not  include unident i f ied  i t e m s ,  t h e  
a c t u a l  percentages would be even lower. A s  much a s  57% of t h e  food i t e m s  
a t  Lopez Point  were unident i f ied  (Vandevere, pers.  commun.). 
These previous s tud ies ,  c o l l e c t i v e l y ,  ind ica te  t h a t  sea  o t t e r s  i n  
Cal i fornia  u t i l i z e  a wide va r ie ty  of nearshore marine inver tebra tes  con- 
s i s t i n g  primari ly of molluscs, echinoderms and crustaceans,  and t h a t  a lgae  
and f i s h e s  have been i n s i g n i f i c a n t  i n  the  d i e t .  These s t u d i e s  a l s o  indi-  
c a t e  t h a t  sea  urchins,  abalones and crabs when a v a i l a b l e  i n  abundance w i l l  
be heavily foraged upon by s e a  o t t e r s .  I n  addi t ion ,  it  appears t h a t  a 
s h i f t  t o  lower percentages of preferred  food i t e m s  and an increase  i n  
d i v e r s i t y  occurs a f t e r  o t t e r s  have become es tabl ished i n  an a rea  f o r  some 
time. This is apparently due t o  reduced populations of preferred  forage 
items. 
W e  observed sea o t t e r  feeding behavior to provide add i t iona l  informa- 
t i o n  on the  re la t ionsh ip  of s e a  o t t e r s  t o  t h e  nearshore marine environment, 
especia l ly  a s  they become permanently es tabl ished i n  new a reas  and t o  
evaluate f u r t h e r  t h e  impact of sea  o t t e r  foraging on resources u t i l i z e d  
by man by comparing food hab i t s  observations a s  o t t e r s  i n i t i a l l y  became 
es tabl ished i n  new a reas  with observations a f t e r  they had been the re  some 
time . 
Our food h a b i t s  s t u d i e s  were concentrated a t  t h e  southern  end of  t h e  
sea o t t e r ' s  range where t h e  popula t ion  has  continued t o  expand i n t o  a r e a s  
of s i g n i f i c a n t  s p o r t  and commercial abalone f i s h e r i e s  and, more r e c e n t l y ,  
i n t o  t h e  v i c i n i t y  of a developing red  s e a  u rch in  f i she ry .  
From 1971 t o  1973 we observed foraging  s e a  o t t e r s  a t  P ico  Creek; i n  
t h e  v i c i n i t y  of Po in t  Estero;  a t  Cayucos Po in t ;  Atascadero S t a t e  Beach; 
and Poin t  Buchon. We chose t h e s e  areas because they  represented  t h e  
southern end of t h e  s e a  o t t e r ' s  range when t h e  observa t ions  were made, 
o r  because we could compare our  observa t ions  w i t h  d a t a  c o l l e c t e d  when 
an a r e a  previous ly  represented  t h e  southern  end of t h e  range. Observa- 
t i o n s  a t  Atascadero S t a t e  Beach were made i n  e a r l y  1973 when t h e  popula- 
t i o n  w a s  extending i ts  range from Cayucos t o  Po in t  Buchon. 
Observations were made from shore  us ing  a t e l e scope  ranging from 15x 
t o  60x. Food i tems were i d e n t i f i e d  t o  t h e  lowest  taxon p o s s i b l e  and re- 
corded i n  t h e  f i e l d .  Food i t e m s  were sometimes i d e n t i f i e d  only t o  r a t h e r  
genera l  c a t e g o r i e s  because p r e c i s e  f i e l d  i d e n t i f i c a t i o n s  were no t  poss ib l e .  
Such i t e m s ,  i n  some cases ,  were probably t h e  same as those  f o r  which a 
more p r e c i s e  category w a s  p re sen t .  For example, u n i d e n t i f i e d  abalones 
were most l i k e l y  red o r  b lack  abalones (HaZiotis rufescens and H. crach- 
e r o d i i ) ,  a l though they could have been o t h e r  smaller s p e c i e s  much l e s s  
common i n  t h e  a r e a ,  such as t h e  p in to ,  H. kamtschatkanu, o r  t h e  f l a t ,  
H. waZZ.aZZensis. Some food i t e m s ,  p a r t i c u l a r l y  smal l  ones,  could no t  
be i d e n t i f i e d  a t  a l l ,  and were recorded a s  u n i d e n t i f i e d  items. 
Two similar spec i e s  of c r a b s  of t h e  genus Cancer (rock crab ,  C. anten-  
nurius, and red c rab ,  C. productus)  occur  i n  t h e  a r e a s  s tud ied .  Rock c rabs  
a r e  by f a r  t h e  most common i n  these  a reas .  Although no r ed  c r a b s  were 
i d e n t i f i e d  i n  our  observa t ions ,  i t  i s  poss ib l e  t h a t  an occas iona l  r ed  
c rab  was being ea ten .  
Percentages of food i t e m s  by number were c a l c u l a t e d  f o r  e a s e  of com- 
par i son  wi th  o t h e r  s t u d i e s .  However, percentage of  a food i t e m  by number 
i n  t h e  d i e t  b e a r s  l i t t l e  r e l a t i o n s h i p  t o  percentage by volume. For ex- 
ample, 15% abalones observed i n  t h e  d i e t  would equal  many t i m e s  t h e  food 
volume of 15% t e g u l a s  (small  s n a i l s ) .  A comparison of food volumes from 
seve ra l  d i f f e r e n t  s e a  o t t e r  food i tems was c a l c u l a t e d  by Ebert  (1968a) 
(Appendix I) .  
Pico  Creek. P i co  Creek is  s i t u a t e d  about halfway between Po in t  
San Simeon and Cambria i n  San Luis  Obispo County (Figure 2) .  A broad 
a r e a  surrounding Pico Creek (F ish  and Game D i s t r i c t  118) has  been c losed  
t o  commercial abalone f i s h i n g  from 1937 t o  the  p re sen t ,  except  f o r  
t h e  per iod  from 1955 t o  1957 (Ca l i fo rn i a  F i sh  and G a m e  Code, 1937 and 
1955). P r i o r  t o  1966 abalones w e r e  gene ra l ly  considered t o  be abundant 
throughout t h e  a r e a  (Ea r l  Eber t ,  pe r s .  cormnun.). Eber t  (1968a) s tud ied  
the  d i e t  of s e a  o t t e r s  nea r  Pico Creek i n  1966 about 5 months a f t e r  a 
l a r g e  r a f t i n g  group had been f i r s t  observed i n  t h e  a r ea ;  w e  s tud ied  t h e  
same a r e a  about 5 y e a r s  l a t e r  (Table 10) .  Although ~ b e r t ' s  s tudy began 
, 
T A B L E ~ ~ .  Sea O t t e r  Food I t e m s  Observed Near Pico Creek from Apri l  21 t o  
June 2, 1966, (from Ebert, 1968a) and from March 29 t o  August 25, 
1971. 
Approximate t i m e  observing feeding 35 hours 
Approximate time o t t e r s  permanently 
es tabl i shed i n  a rea  p r i o r  t o  s tudy 5 months 
16 hours 
5 years  
FOOD ITEMS NUMBERS PERCENT NUMBERS PERCENT 
Black abalone, Ha Ziotis cracherodii 1 1.0 
Red abalone, HaZiotis rufescens 154 6 3 . 4  4 3.8 
Unidentif ied abalone, Ha Ziotis s p  . 1 1.0 
Tegula s n a i l s ,  TeguZa spp. 2 5 23.8 
Gumboot chi ton ,  Cryptochiton s t e  ZZeri 1 
Cal i fo rn ia  mussel, MytiZus caZi- 
fornianus 2 
Rock sca l lop ,  ~ i n n i t e s  muZtirugosus 5 
Gaper clam, Tresus nuttaZZii 6 
Kelp crab, Pugettia producta 
Rock crab, Cancer antennarius* 6 3 3  3  31.4 
Unidentif ied s e a s t a r s  4 3.8 
Bull  kelp,  Nereocys t i s  Zuetkeana 1 1.0 
Giqnt kelp,  Macrocystis sp. 3 1.2 1 1.0 
Unidentified kelps  12 11.4 
Unidentified i t e m s  9 3.7 15 14.3 
TOTALS 243 100.0 105 100.1 
* May include an occasional  red crab, Cancer productus. 
shor t ly  a f t e r  sea o t t e r s  apparently became permanently es tabl ished i n  t h e  
area, the re  had been i n t e r m i t t e n t  r e p o r t s  of a few individuals  i n  t h e  area 
occasionally f o r  several years  (Bisse l l  and Hubbard, 1968). 
The most s i g n i f i c a n t  d i f fe rence  i n  t h e  sea o t t e r ' s  d i e t  a t  Pico Creek 
w a s  t h e  d r a s t i c  decl ine  of red abalones i n  the  d i e t  (63% i n  1966 t o  less 
than 5% i n  1971) and the  appearance and r e l a t i v e  importance of o the r  i t e m s  
such as tegulas ,  kelp crabs and sea  stars i n  1971. 
Rock crabs comprised about t h e  same percent  i n  both s tudies .  Ebert 
(pers. commun.) r epor t s  t h a t  many of the  rock crabs he observed being 
eaten were gravid females. Ebert noted t h a t  o t t e r s  d id  not  eat t h e  crab 
eggs and r e c a l l s  seeing these  egg masses among t h e  bottom l i t ter  during 
reconnaissance dives of t h e  area. I n  1971, gravid female rock crabs were 
again noted, but t h i s  t i m e  a t  least some of t h e  egg masses were eaten  
along with t h e  crabs. 
Red sea  urchins were not  observed being ea ten  i n  e i t h e r  study, although 
Ebert 's  underwater inspect ions  a t t e s t e d  t o  t h e i r  former abundance and t h e  
probable foraging upon them by sea o t t e r s .  
Kelps ( l a rge  brown algae) were observed eaten much more commonly i n  
1971 than i n  1966, although Barabash-Nikiforov (1947) and Kenyon (1969) 
repor t  t h a t  a lgae  pass  through a sea  o t t e r ' s  d iges t ive  t r a c t  undigested. 
It is poss ib le  t h a t  o t t e r s  are ea t ing  small at tached inver tebra tes  when 
inges t ing algae. 
The observed d i e t  was apparently more d iverse  i n  1971 than 
it w a s  i n  1966. I n  1966 only two i t e m s ,  red abalones and rock crabs,  
comprised near ly  90% of t h e  observed food items, while t h e  four  l a r g e s t  
ca tegor ies  of i d e n t i f i e d  food i t e m s  i n  1971 amounted t o  only 74%. A 
s l i g h t l y  g rea te r  number of i d e n t i f i e d  i t e m s  was observed i n  1971 i n  less 
than hal f  t h e  t i m e .  The percentage of unident i f ied  i t e m s  w a s  nea r ly  
four  t i m e s  g rea te r  i n  1971 and probably included more species. 
Point  Estero. The nearshore a rea  from Cambria t o  Po in t  Estero (Fig- 
u re  2) was long known as t h e  "Point Estero beds" t o  commercial abalone 
divers.  The a rea  supported commercial abalone harvest ing f o r  many years  
(see Appendix I ) .  Otters permanently moved i n t o  t h e  northern por t ion  of 
t h i s  area i n  1967 and i n  1969 had es tab l i shed  t h e i r  range t o  Point  Estero. 
W e  f i r s t  observed food h a b i t s  i n  t h e  southern por t ion  of t h i s  a r e a  
i n  1971, about 2 years  a f t e r  o t t e r s  had become permanently es tab l i shed ,  
and we made b r i e f  observations the re  again i n  1972, about 1-112 years  
later (Table 11). 
Abalones declined from over 70% observed i n  t h e  d i e t  i n  1971 t o  less 
than 4% i n  1972. Vandevere (1969) had observed the  sea  o t t e r ' s  d i e t  i n  the  
northern por t ion  of the  Cambria-Point Es tero  a r e a  i n  1969 and noted t h a t  
88% of t h e  i t e m s  seen ea ten  a t  t h a t  t i m e  were abalones. However, s ince  
TABLE 11. Sea Otter Food Items Observed from 1 to 4 Miles North of 
Point Estero between March 3 and October 25, 1971, and between 
August 24 and October 25, 1972. 
Approximate time observing feeding 27 hours 
Approximate time otters permanently 
established in area prior to study 2 years 
5 hours 
3-1/2 years 
FOOD ITEMS NUMBERS PERCENT NUMBERS PERCENT 
Black abalone, HaZiotis cmcherodii 9 
Red abalone, HaZiotis rmfescens 4 8 
Unidentified abalones, HaZiotis spp. 2 
Tegula snails, TeguZa spp, 4 
Kelp crab, Pugettia producta 4 
Rock crab, Cancer antennarius* 3 
Unidentified crabs 
Red alga 
Unidentified items 
TOTALS 82 100.0 52 99.8 
*May include an occasional red crab, Cancer productus. 
Vandevere did not d i f f e r en t i a t e  between species and did not include unidenti- 
f i ed  items in h i s  data, they a re  not d i r ec t ly  comparable with.ours. The 
ac tua l  percentages i n  h i s  observations would be somewhat less i f  unidentified 
items were included. Nevertheless, observations i n  the Cambria - Point 
Estero area indicate  a s ign i f ican t  decline of abalones i n  the d i e t  by 1972. 
Furthermore, a series of diving surveys from 1967 t o  1973 indicates  tha t  
a decline i n  red abalones of a l l  s i ze s  (not j u s t  commercial legals)  occurred 
a f t e r  sea o t t e r s  moved in to  the area and commercial divers  abandoned the 
"Point Estero beds" i n  1971 (Burge, 1973). 
Sea urchins w e r e  not observed i n  any of the s tudies  i n  t h i s  area. How 
ever, an extensive diving survey i n  1967 documents t h e i r  former abundance 
i n  the  area (Ebert, 1968b). Sea Otter Project  diving surveys i n  1969 in- 
dicated the presence of sea urchin l i t t e r  on the  sea f loor  apparently from 
sea o t t e r  foraging. 
In 1972, the  observed d i e t  sh i f ted  s ign i f ican t ly  t o  tegulas, rock crabs 
and unidentified i t e m s .  The increase i n  rock crabs i n  1972 is probably 
more apparent than actual. Since rock crabs a r e  qui te  mobile, generally 
cryptic i n  habit ,  and may see a predator coming, more of them a re  apt t o  
escape predation, especially when abundant forage is avai lable  i n  the  open. 
A s  other forage becomes less available,  sea o t t e r s  tend t o  r o l l  l a rge  rocks 
and forage deeper i n  crevices, e tc . ,  and more crabs a r e  apt  t o  be taken. 
Also, a major portion of the  sea o t t e r s  a t  Point Estero had moved on t o  
Cayucos Point i n  ear ly  1972 and t h i s  l e f t  fewer sea o t t e r s  apparently feed- 
ing on more crabs when an ac tua l  decline i n  the  crab population was obvious 
from diving surveys (Burge, 1973). 
An increase i n  divers i ty  i n  the d i e t  i n  1972 is apparent from the  in- 
crease i n  the numbers of species (tegulas, rock crabs and unidentified 
items) making up a major portion of the d i e t  and the s ign i f ican t  number 
of unidentified items (nearly 30%) observed during the small amount of time 
spent observing. 
Cayucos Point. Cayucos Point i s . l oca t ed  a t  the northern end of Estero 
Bay. The rocky reefs  and kelp beds i n  the  v i c in i ty  of Cayucos Point repre- 
sent the l a s t  habi ta t  of t h i s  type from Cayucos t o  the Point Buchon area,  
a distance of about 23 km (14 miles), characterized mostly by sandy bottom 
habi ta t  offshore and sandy beaches along the shoreline. 
The rocky reefs  in the Cayucos Point area  a r e  mostly shallower than 
6 m (20 f t ) .  Since commercial abalone f ishing is  prohibited i n  waters 
shallower than 6 m (20 f t )  along the California coast ,  t h i s  area  never 
supported much of a commercial abalone fishery. 
A sport  abalone f ishery existed i n  the area and continued t o  do so 
through a t  l e a s t  ear ly  1972 @ant,el pfiller, pers.. corn.) . 
Our observations began about 3 months a f t e r  a l a rge  r a f t i ng  group 
of sea o t t e r s  was observed a t  Cayucos Point i n  ea r ly  1972 and continued 
intermit tent ly  f o r  about 8 months (Table 12). Abalones were the most 
TaE1,E 12. Sea Otter Food Items Observed Near Cayucos Point Between May 20, 
1972, and January 24, 1973. 
Approximate time observing feeding 
Approximate time otters permanently 
established in area prior to study 
44 hours 
3 months 
FOOD ITEMS NUMBERS PERCENT 
- - - -- - - - -- - - - - - - - 
Black abalone, Haliotis cracherodii 
Red abalone, Ha Ziotis rufescens 
Unidentified abalone, HaZiotis sp. 
Tegula snails, TeguZa spp. 
Gaper clam, Tresus nuttaz Z i i  
Littleneck clams, Protothaca spp. 
Unidentified clams 
Octopus, Octopus sp. 
Kelp crab, ~ u g e t t i a  producta 
Rock crab, Cancer antennariust 
Unidentified crabs 
Unidentified items 
TOTALS 339 100.0 
* Number partially estimated. 
t May include an occasional red crab, Cancer productus. 
common i t e m  i n  the d i e t  a t  Cayucos Point during our observations. We made 
reconnaissance dives a t  Cayucos and Cayucos Point i n  July  1972. A t  Cayucos, 
empty abalone she l l s ,  many with the cha rac t e r i s t i c  sea  o t t e r  break, pro- 
vided evidence of o t t e r  foraging even though spor t  abalones were s t i l l  
available a t  t ha t  t i m e .  A t  Cayucos Point, about 1.6 km ( 1  mile) t o  the  
north, the  abalone population was considerably depleted and more sea o t t e r  
foraging l i t ter  consist ing of abalone she l l s ,  crab debr is  and clam s h e l l s  
was apparent. 
..- .. . 
No sea urchins were..observed being eaten a t  Cayucos Point during our 
observations. The occasional presence of a few foraging o t t e r s  p r io r  t o  
the  establishment of a l a rge  r a f t i ng  group i n  t h i s  area of l imited hab i ta t  
could account f o r  the  absence of sea  urchins i n  our observations. 
The var ie ty  i n  the  d i e t  i n  t h i s  recently colonized area may be due t o  
the long period during which observations were made, the  presence of food 
i t e m s  from both rocky reef and sandy hab i ta t  and the  la rge  number of sea 
o t t e r s  which eventually occupied t h i s  area  of limfted habi ta t .  We observed 
a maximum of 207 sea o t t e r s  i n  t he  v i c in i t y  of Cayucos Point i n  December 
1972. In ear ly  1973, sea  o t t e r s  w e r e  observed t o  have extended t h e i r  range 
nearly 23 km (14 miles) t o  the  south, where a t  l e a s t  57 were seen i n  the  
vic'inity of Point Buchon i n  February of t ha t  year. 
Atascadero S ta te  Beach. Brief observations were made a t  Atascadero 
State  Beach ju s t  north of Morro Bay during February and March 1973 when 
sea o t t e r s  were becoming established near Point Buchon. During about 3 
hours of observations, 29 food i t e m s  were observed being eaten by sea o t te r s .  
A l l  but two (which w e r e  unidentif ied) w e r e  Pismo clams, TiveZa stuZtorwn. 
On one occasion a s ing le  o t t e r  was observed t o  e a t  22 Pismo clams i n  2 hours. 
Otters a r e  seldom, i f  ever, observed i n  mass over sandy areas  and have 
not been reported t o  r a f t  i n  groups i n  these areas i n  California. The ex- 
t en t  and e f f ec t  of o t t e r s  foraging i n  sandy bottom areas  is  unknown, although 
several  foraging individuals a r e  not uncommon i n  sandy areas near large 
ra f t ing  groups. 
Point Buchon. The a rea  j u s t  t o  the  north of Point Buchon i s  the  f i r s t  
rocky reef - kelp bed hab i ta t  south of Cayucos. This area has supported a 
s ignif icant  spor t  abalone f ishery,  and an estimated 9 thousand spor t  
abalone were taken there i n  1972 (Daniel Miller ,  pers. commun.). The 
area  has never been a popular commercial abalone spot, although some com- 
mercial red abalone landings have come from there. However, the  area  from 
south of Point Buchon t o  Avila supports t he  major remnant of the dwindling 
Morro Bay commercial red abalone fishery.  The Point Buchon a rea  reportedly 
has been a high density sea urchin area and a 8-11 conrmercial sea urchin 
f ishery has been developing i n  the  general area recently.  
In  January 1973 a l a rge  group of .sea o t t e r s  was f i r s t  observed i n  the  
area j u s t  north of Point Buchon. In  ear ly  February 1973 w e  counted 57 sea 
o t t e r s  there,  and by April a s  many a s  137 were observed i n  the area. Our 
observations began wi th in  2 weeks of the  f i r s t  s igh t ings  of a l a r g e  group 
of sea o t t e r s  i n  t h e  a r e a  (Table 13). 
Although individual  o t t e r s  had been reported occasionally a s  f a r  south 
a s  She l l  Beach i n  recent  years ,  the re  apparently had been very l i t t l e  impact 
by sea  o t t e r s  at Point  Buchon before the  l a r g e  group appeared i n  e a r l y  1973. 
During our observations,  red sea  urchins were being ea ten  i n  abundance, ac- 
counting f o r  near ly  ha l f  of a l l  food items. Red sea  urchins,  abalones and 
rock crabs accounted f o r  over 90% of t h e  d i e t  during the  period of our 
observations. 
The individual  preference of some animals seems t o  a f f e c t  the  d i e t  a t  
times, s ince  Ca l i fo rn ia  mussels were observed being ea ten  on only 1 day. 
A r e l a t i v e l y  low d i v e r s i t y  of food i t e m s  was apparent from t h e  few 
i t e m s  comprising a major por t ion  of t h e  d i e t  and the  low incidence of un- 
i d e n t i f i e d  i t e m s .  W e  expect t h a t  t h e  d i e t  w i l l  become more d ive r se  i n  
t h i s  a rea  a s  sea urchins,  abalones and crabs  become depleted with contin- 
ued sea  o t t e r  foraging. 
Food Habits  Discussion. The food h a b i t s  s t u d i e s  w e  reviewed combined 
with our observations i n d i c a t e  t h a t  sea  o t t e r s  i n  Ca l i fo rn ia  feed on a wide 
v a r i e t y  of marine inver tebra tes ,  inf requent ly  on f i s h ,  and occasionally a r e  
observed t o  inges t  algae. These s t u d i e s  a l s o  i n d i c a t e  t h a t  the  composition 
of the  d i e t  w i l l  vary considerably according t o  a v a i l a b i l i t y  and abundance 
of forage species,  sea o t t e r s '  preferences,  and t h e  number of o t t e r s  pres- 
e n t  and length  of t i m e  they have been es tabl i shed i n  an area .  
Sea o t t e r s '  feeding preferences have been most apparent when they f i r s t  
become es tabl i shed i n  new a r e a s  where a wide v a r i e t y  of marine inver t eb ra tes  
a r e  r ead i ly  ava i l ab le  and abundant. Ebert (1968a) concluded from h i s  diving 
observations a t  Pico Creek t h a t  "abalones, rock crabs,  rock sca l lops  and 
gaper clams were u t i l i z e d  r e l a t i v e  t o  t h e i r  a v a i l a b i l i t y  and these  items, 
therefore ,  were prefer red  over mussels, sea  s t a r s ,  and chitons." A diving 
survey throughout t h e  sea o t t e r ' s  range i n  1967 indica ted  t h a t  t h e  gumboot 
chi ton,  Cryptochiton steZZeri ,  and sp ide r  crab,  Loxorhynchus grandis ,  both 
r e l a t i v e l y  l a rge ,  p o t e n t i a l  sea o t t e r  food items, were r e a d i l y  ava i l ab le  
and the  chi ton  was q u i t e  abundant (Ebert,  1968b). Neither a r e  observed 
being ea ten  o f t e n  by sea  o t t e r s .  A v a r i e t y  of sea  s t a r s  a r e  r e l a t i v e l y  
abundant along the  Cal i fornia  coas t  and throughout t h e  sea o t t e r ' s  range. 
These a r e  apparently only ea ten  when prefer red  sea  o t t e r  food i tems a r e  
depleted and then, may not  make up a s i g n i f i c a n t  por t ion  of the  d i e t .  
Our s tud ies  ind ica te  t h a t  red sea urchins,  red abalones, and rock crabs 
a r e  prefer red  food items i n  the  sea o t t e r ' s  present  range i n  California.  I n  
addi t ion ,  Pismo clams may be eaten almost exclus ively  when sea  o t t e r s  a r e  
foraging i n  sandy a reas  where these  a r e  abundant. Even though red sea  urchins,  
when ava i l ab le ,  become depleted f i r s t ,  an order  of preference is  not  easy t o  
e s t a b l i s h  s ince  sea urchins a r e  probably the  e a s i e s t  t o  ob ta in  and crabs,  
having eyes and being q u i t e  mobile, may escape predation more e a s i l y  than 
TABLE 13, Sea Otter Food I t e m s  Observed from 114 Mile t o  1 Mile North of 
Point  Buchon Between January 30, 1973, and Apri l  13, 1973. 
Approximate t i m e  observing feeding 24 hours 
Approximate time o t t e r s  permanently es tabl ished 
i n  a rea  p r i o r  t o  study 2 weeks 
FOOD ITEMS NUMBERS PERCENT 
Black abalone, HaZiotis cracherodii 
Red abalone, ~ a Z i o t i s  mfescens 
Unidentified abalone, HaZiotis sp. 
Cal i fornia  mussel, MytiZus caZifornianus 
Kelp crab, Pugettia producta 
Rock crab, Cancer antenmius* 
Unidentified crab 
Red sea  urchin, StrongyZocentrotus 
f ranciscanus 
Unidentified i t e m  
TOTALS 266 100.1 
* May include an occasional  red crab, Cancer productus. 
t Includes 22 urchins i d e n t i f i e d  from gonads only. 
e i t h e r  sea  urchins o r  abalones. The ex ten t  of t h e  e f f e c t  of sea  o t t e r  
foraging on clams, p a r t i c u l a r l y  t h e  Pismo clam, i s  not  y e t  known. However, 
our observations near Morro Bay ind ica te  t h a t  i t  could be considerable, a s  
sea  o t t e r s  become es tabl ished i n  a reas  adjacent  t o  s i g n i f i c a n t  clam popula- 
t ions .  Nevertheless, preferred  forage species  such a s  sea urchins,  abalones 
and crabs become depleted where sea o t t e r s  become es tabl ished i n  new areas  
and t h e  d i e t  s h i f t s  t o  a wider v a r i e t y  of food i t e m s .  
The deple t ion of preferred  forage i t e m s  has been noted by severa l  ob- 
servers.  Ebert (1968a) s t a t e s  t h a t :  
"Department b i o l o g i s t s  tagged more than 400 red abalones a t  S t i l l w a t e r  
Cove, near  Monterey, i n  Ju ly  1956. The following June they returned t o  
the  same a rea  but  could not l o c a t e  tagged abalones. Divers traversed more 
than 112 m i l e  of bottom but found only one red abalone about 6 inches long 
deep i n  a crevice. Empty abalone s h e l l s  and sea  urchin fragments l i t t e r e d  
the  substratum. In  t h i s  same area ,  Department b i o l o g i s t s  recovered, tagged, 
and replaced more than 100 abalones per  day during a 4-day period t h e  pre- 
ceding year. Department records i n d i c a t e  t h a t  t h e  deple t ion of abalones 
a t  S t i l l w a t e r  Cove c o r r e l a t e s  wi th  the  a r r i v a l  of sea  o t t e r s  i n  l a t e  1956." 
McLean (1962) conducting an ecological  s tudy by scuba i n  kelp beds 
about 16 km (10 miles)  south of Camel noted t h a t  red sea urchins were 
" t o t a l l y  absent although spines and test fragments were present  i n  gravel  
samples" and red abalones were uncommon and r e s t r i c t e d  t o  protected crev- 
ices.  H e  concluded t h a t  t h i s  was due t o  sea  o t t e r  predation. 
Faro (1969) observed sub t ida l  sea o t t e r  h a b i t a t  by scuba a t  Point  Pinos 
about 5 years a f t e r  sea  o t t e r s  had become es tabl ished there.  H e  r epor t s  
t h a t  red sea  urchins and red and black abalones w e r e  considerably less abund- 
a n t  than i n  comparable a reas  without sea  o t t e r s  and w e r e  general ly found 
only i n  crevices  and under rocks. Faro concluded t h a t  t h i s  was due t o  sea  
o t t e r  foraging. He s t a t e s  t h a t  "Prior  t o  t h e  re-establishment of sea  o t t e r s ,  
the  area  was nicknamed ' t h e  meat locker1 by l o c a l  (spor t )  d ive r s  because 
red abalones w e r e  e a s i l y  avai lable .  I' 
Minter (1971) conducted opera t ions  by scuba off  D e l  Monte Beach near 
the  Monterey-Seaside border a f t e r  sea  o t t e r s  had been i n  the  area  f o r  a t  
l e a s t  3 years. Minter s t a t e s  t h a t  "Numerous s h e l l s  of t h e  red abalone 
w e r e  observed l i t t e r i n g  t h e  bottom, y e t  not  a s i n g l e  l i v i n g  animal (abalone) 
was seen." I n  addi t ion ,  Minter r epor t s  t h a t  he saw no l i v i n g  specimens 
of red o r  purple sea  urchins and the few rock crabs which he saw were 
usually small. 
A significant sport rock crab fishery which existed on the Monterey 
wharf nearby has  v i r t u a l l y  ceased i n  recent  years  while spor t  rock crab 
f i sh ing  present ly  continues t o  f l o u r i s h  a t  Santa Cruz where there  yet has 
been l i t t l e  impact from sea  o t t e r s  (Daniel Mil ler ,  pers. commun.). A 
commercial red and rock crab f i she ry  is  present ly  conducteci i n  the  Avila 
area  j u s t  south of t h e  current  southern end of the  sea  o t t e r ' s  range. 
Burge (1973) documents a depletion of red sea urchins, red abalones 
and rock crabs i n  the Cambria-Point Estero area between 1967 and 1973. 
Sea o t t e r s  f i r s t  moved i n t o  the northern portion of t h i s  area  i n  1967 and 
by 1969 had established the i r  range t o  Point Estero. Commercial divers 
abandoned a l l  of the Cambria-Point Estero beds i n  1971. 
Our recent s tudies  (Tables 10-13) provide addit ional documentation 
of heavy foraging upon and subsequent depletion of preferred sea o t t e r  
forage i t e m s  a s  sea o t t e r s  have become established i n  new areas. 
The impact of sea o t t e r s  on resources has been the same i n  an area 
near Pico Creek, which except f o r  a br ief  period was closed to  commercial 
abalone fishing, a s  i t  was where extensive commercial abalone f ishing had 
occurred f o r  years. The impact has a l so  been s imilar  on sea urchins and 
rock crabs which have not been subjected t o  sport  o r  commercial use through- 
out much of the o t t e r ' s  range. Therefore, the  loss  of commercial and sport  
f i she r i e s  fo r  abalones and crabs where these have occurred within the sea 
o t t e r ' s  range can be a t t r ibu ted  solely  t o  the  foraging habi ts  of sea o t te rs .  
The depletion of less preferred food resources a l so  occurs the  longer 
sea o t t e r s  inhabit  an area. Faro (1969) noted a de f in i t e  reduction i n  
California mussels, MytiZus caZifornirmus, a t  Point Pinos. Donald Abbott, 
Associate Director, Hopkins Marine Station,  Pac i f ic  Grove (pers. commun. ) , 
reports tha t  extensive California mussel beds existed on the nearshore 
rocks in the marine s t a t i on  reserve a t  l e a s t  u n t i l  August 1968. These 
mussel beds w e r e  reportedly "8 to  12 inches thick with individuals up 
t o  6 inches long." By March 1969 these beds had been so depleted by sea 
o t t e r  foraging tha t  i t  was nearly impossible t o  f ind a su i tab le  area  t o  
conduct a planned research project  on mussels. Other invertebrates a r e  
a lso reportedly reduced i n  numbers i n  t h i s  area. It is  qui te  evident 
tha t  sea o t t e r  foraging has resulted i n  a reduction of mussels and other  
invertebrates on p i l ings  along Monterey's Cannery Row and on f l o a t s  and 
pi l ings  i n  the Mnterey Marina. 
Sea o t t e r s '  food intake requirements, t h e i r  po ten t ia l  and actual  impact 
on resources used by man and the lo s s  of sport  and commercial abalone fish- 
e r i e s  i n  the sea o t t e r ' s  range a r e  thoroughly documented i n  Appendix I. 
With continued expansion of the sea o t t e r ' s  range w e  can expect fur ther  
resource conf l ic t s  with the remaining red and black abalone and red and 
rock crab f i she r i e s  along the  California coast. The recently developed 
sea urchin f ishery i n  the  Point Buchon - Avila area soon w i l l  be l o s t .  
Furthermore, sea o t t e r s  can be expected t o  forage heavily upon pink and 
green abalones, H. c o m g a t a ,  and H. fuZgens, Pismo and other clams, 
market and yellow crabs, Cancer magister and C .  anthonyi, and in all 
probabili ty,  spiny lobsters ,  PanuZims interruptus ,  and possibly upon 
oysters i n  oyster farms, when they come i n  contact with these resources 
along the California coast. 
Studies on Otters in Captivity 
Kenyon (1969) reports that the sea otter is highly adaptable to life 
in captivity when its environmental and food needs are met. Considerable 
experience has been gained in maintaining sea otters in captivity in Alaska. 
Successful long-term sustenance of sea otters from Amchitka has been achieved 
at Woodland Park and Point Defiance Zoos in Washington State. 
Initially in our operations, scientific studies were conducted on two 
captive sea otters, by special agreement with Stanford Research Institute's 
Biological Sonar Laboratory, to learn techniques of medical care and hus- 
bandry of otters and for tagging experiments. The sea otters were delivered 
to S. R. I. in March 1969 and were maintained in captivity for nearly 8 
months, whereupon their condition deteriorated rapidly and the animals died 
on October 30 and 31, 1969. Necropsies conducted on these animals revealed 
gastroenteritis with dehydration and subsequent cardiovascular failure. 
Enteritis is frequently observed as the terminal symptom at death of sea 
otters in the wild on Amchitka (Kenyon, 1969). This condition has also 
been observed during necropsies on carcasses of wild otters in California. 
Stullken and Kirkpatrick (1955) indicate that captivity mortality in sea 
otters at Amchitka was probably due to acute stress or shock reaction char- 
acterized by rapidly developing gastroenteritis. The factors contributing 
to the terminal symptoms in our captive otters are not known. More informa- 
tion and experience are needed in maintaining otters in captivity. 
A special agreement was completed with Sea World in San Diego in late 
1972 to place sea otters in captivity there for additional scientific studies. 
On December 11 and 12, 1972, five sea otters (three females and two 
males) were captured with the diver-held capture device in the Monterey 
area, placed in specially designed cages and flown by DC3 airplane to San 
Diego, where they were transferred to Sea World by carryall. 
The females; two subadults and an adult, which were captured on December 
11 off Del Monte Beach near the Monterey-Seaside border, weighed 11.4, 13.6 
and 18.2 kg (25, 30 and 40 lb). Veterinarian Peter Schroeder, associated 
with Sea World, assisted CDFG personnel with the capture and accompanied 
the senior author on the flight to San Diego. Five hours and 14 minutes 
elapsed from the placement of the first captured female into a cage on the 
boat until all three were released into the pool at Sea World. All appeared 
in excellent condition and within 2 hours,were eating red and purple sea 
urchins, crabs (Cancer spp.) and abalone trimmings which had been tossed 
into the pool. 
The next day, the two males, a subadult and an adult, weighing 16.5 
and 25.0 kg (36 and 53 lb) were captured off Monterey's Cannery Row. John 
Sweeney, Sea World veterinarian, assisted with these capture operations 
and accompanied the senior author on the flight to Sea World. This transfer 
was accomplished in 4 hours and 31 minutes from the placement of the smaller 
male into a cage on the boat until both males were released into the pool 
at Sea World. After the introduction of the males into the pool, crabs 
and abalone trimmings were offered. The females began feeding almost im- 
mediately and within 1/2 hour both males were actively feeding. The males 
appeared to adapt to their surroundings more readily than had the females, 
probably due to the presence of the females, Nevertheless, by the next 
day, it appeared that the smaller male was not adapting as well as the 
others. 
It soon became obvious that this animal was wet to the skin, particu- 
larly around the hind quarters. After a couple of days the animal exhibited 
shivering symptoms at times. The animal's fur probably became disturbed on 
the trip down, most likely from fecal matter in the cage. Water apparently 
penetrated to the skin when the animal was released into the pool. It 
hauled out on a float occasionally and attempts were made to dry the fur 
with heat lamps and a hair dryer during the next few days. The fur was 
never completely dried out and when the animal re-entered the water to 
swim or feed it became soaked again. It was important to feed the animal 
primarily in the water since feeding out of the water tended to soil the 
fur more from the food residues. Sea otters often roll frequently in the 
water when feeding, presumably to wash off food residues. 
During the first few days, the animal's condition worsened and the 
animal became comatose and died on December 16, 1972. Its death was appar- 
ently due to stress associated with exposure and eventually a lowered body 
temperature. The intestine had 257 acanthocephalan worms, presumably 
Corynosoma sp. 
The other four animals have adapted very well to captivity. Since 
their introduction the otters have been offered about 27 kg to 36 kg (60 
to 80 lb) of food daily, usually distributed over three feedings a day. 
They usually appear to consume most of it. The diet has consisted mainly 
of frozen eastern clams and frozen crabs (Cancer spp.). At times it has 
been supplemented with live abalones, frozen abalone trimmings and squid 
(James Antrim, pers. com~m.). 
The enclosure consists of a 70 thousand gallon salt water pool in 
which the water is completely filtered about every 2 hours with about 25% 
fresh sea water added. A smaller tank (11 thousand gal) is connected by 
a short passageway for easy diversion of the animals for tank cleaning or 
other activities requiring movement out of the main pool. A sun filtering 
shade is suspended well up over the pool, which is otherwise open around 
the periphery to allow for free air circulation. 
A public viewing area constructed to minimize sounds and equipped 
with one-way glass provides for minimal human disturbance of the animals. 
Arrangements for commencing with research on food preference studies 
under Sea World's direction were being finalized with the Department at 
the time of this writing. 
Other s t u d i e s  which may be considered i n  t h e  f u t u r e  include various 
aspects  of physiology, behavior, underwater phonations and react ions  t o  
various sounds, v i s u a l  acui ty ,  metabolism, reproduction, p a r a s i t e s  and 
microbiological  f l o r a .  
SUMMARY AND CONCLUSIONS 
Emphasis i n  t h e  e a r l y  phase of t h e  Sea O t t e r  Research Pro jec t  was 
d i rec ted  toward development of t rapping and tagging gear and gaining ex- 
perience i n  handling sea o t t e r s .  I n i t i a l  capturing e f f o r t s  u t i l i z e d  g i l l  
n e t s  which worked w e l l  but  r e su l t ed  i n  a few s e a  o t t e r  drownings. Mortal- 
i t y  l e v e l s  due t o  trapping during e a r l y  p ro jec t  a c t i v i t i e s  had no adverse 
e f f e c t s  on t h e  sea o t t e r  population. However, these  a c t i v i t i e s  were cur- 
t a i l e d  and e f f o r t s  w e r e  r ed i rec ted  t o  developing a sa fe ,  e f f i c i e n t  capture 
technique, The r e s u l t  was a diver-held capture device which has eliminated 
capture mortal i ty.  
Fifty-eight s e a  o t t e r s  w e r e  captured during t h e  5 years  of t h i s  study, 
29 with g i l l  n e t s  and 29 with the  diver-held capture device. Seventeen 
were t rans located  wi th in  t h e  range, tagged and re leased;  29 were tagged 
and released on site; 8 were placed i n  c a p t i v i t y ;  4 drowned i n  t h e  ne t s .  
I n  a l l ,  23 sea o t t e r s  were removed from the  Cambria-Point Estero a rea  
by t rans locat ion,  placing o t t e r s  i n  c a p t i v i t y  and capture morta l i ty .  The 
removal of o t t e r s  from t h i s  area,  designed t o  provide some r e l i e f  t o  t h e  
commercial abalone f i s h e r y  was unsuccessful due t o  t h e  r e t u r n  of some 
t rans located  o t t e r s  and t h e  continued n a t u r a l  i n f l u x  of add i t iona l  o t t e r s  
i n t o  the  area .  A s  t h e  sea  o t t e r  population continued t o  extend i ts  range 
t o  the  south, t h e  commercial abalone f i s h e r y  nor th  of Morro Bay completely 
collapsed. Sea o t t e r s  foraged so  heavily on abalones i n  t h i s  a rea  t h a t  by 
1971 abalone d i v e r s  abandoned the  l a s t  of the  h i s t o r i c a l l y  abundant abalone 
beds north of Point  Estero t h a t  had supported an annual commercial harvest  
f o r  many years. The spor t  abalone f i s h e r y  within t h e  sea  o t t e r ' s  range 
from Monterey t o  Cayucos has  been s i m i l a r l y  af fec ted .  
Translocation of o t t e r s  ou t s ide  the  sea  o t t e r ' s  range was inves t igated  
a s  a possible so lu t ion  t o  resource use problems. Sui table  sea  o t t e r  h a b i t a t  
exists along much of the  Cal i fornia  coast .  However, due t o  t h e  extreme 
p o t e n t i a l  f o r  add i t iona l  resource use c o n f l i c t s  with a va r ie ty  of resources 
wherever such h a b i t a t  exists, t r ans loca t ion  outs ide  the  present  range is  
not  a f e a s i b l e  so lu t ion  t o  current  problems. 
Sonic b a r r i e r s  a r e  not  considered a f e a s i b l e  method t o  l i m i t  s e a  o t t e r  
range expansion. 
Aer ia l  and surface  censuses have revealed t h a t  the  sea  o t t e r  population 
is continuing t o  increase  i n  numbers and expand i t s  range. These censuses 
provide t h e  b a s i s  f o r  population estimates and densi ty  ca lcula t ions .  The 
sea  o t t e r  population i n  mid-1973 was estimated a t  about 1,600 t o  1,800 
animals and ranged from Santa Cruz on t h e  nor th  t o  j u s t  beyond Point  Buchon 
on t h e  south, 
The sea o t t e r  population, as a whole, apparently has been increas ing 
a t  a f a s t e r  r a t e  than the  segment within a major c e n t r a l  por t ion  of the  
range. The d a t a  ind ica te  t h a t  t h e  excess has been supporting range expan- 
s ion with s i g n i f i c a n t l y  g rea te r  d e n s i t i e s  of sea  o t t e r s  occurring a t  t h e  
extremes of the  range. 
Range expansion is apparently accomplished l a r g e l y  by accumulations of 
subadult and younger a d u l t  animals a t  the  f r i n g e s  of t h e  range. 
Capture da ta  reveal  t h a t  sea o t t e r s  i n  Cal i fornia  segregate by sex 
much as they do i n  populations i n  the  nor th  Paci f ic .  The data  suggest 
t h a t  males may have a l a r g e r  home range than females, a s  i s  reported f o r  
northern populations, but more information is needed t o  e s t a b l i s h  home 
range i n  California.  
L i t t l e  information i s  ava i l ab le  about sex and age groupings and move- 
ments throughout a major c e n t r a l  por t ion  of t h e  range. 
Sea o t t e r  carcasses  have been recovered primari ly toward t h e  ends of 
the  range. Cause of death i n  sea  o t t e r s  i n  Ca l i fo rn ia  i n  recent  years  has  
been found t o  be due t o  a v a r i e t y  of human and n a t u r a l  causes. Human causes 
of sea o t t e r  deaths have included being h i t  by boats ,  shooting o r  spearing, 
and blows. Boating accidents  appear t o  be t h e  most common human caused 
morta l i ty .  Several animals were d e f i n i t e l y  shot  i n  1969 and 1970, but  shoot- 
ing  has not been much of a problem since. Natural deaths occur from a v a r i e t y  
of causes such a s  in fec t ion ,  trauma, s t a rva t ion ,  e tc .  A s i g n i f i c a n t  increase  
i n  n a t u r a l  mor ta l i ty  occurred during t h e  1972-1973 winter-spring period. This 
was apparently associa ted  with a r e l a t i v e l y  severe winter ,  combined with con- 
cen t ra t ions  of animals i n  c e r t a i n  areas with r e s u l t a n t  deple t ion of food 
supplies. A higher r a t i o  of pups, subadults ,  and aged a d u l t s  t o  a d u l t s  was 
apparent i n  t h i s  die-off compared t o  p r i o r  years. Animals i n  these  age 
groups a r e  apparently less a b l e  t o  forage as e f f i c i e n t l y  under such condi- 
t ions.  
Sea o t t e r  carcass  mate r i a l s  have been provided t o  a number of sc ien t -  
i f i c  and educational  i n s t i t u t i o n s  f o r  s t u d i e s  on taxonomy, anatomy and 
physiology, environmental contaminants such as pes t i c ides ,  polychlorinated 
biphenyls and t r a c e  and major elements and s tud ies  of pa ras i t e s .  
Habitat  s tud ies  wi th in  t h e  sea o t t e r ' s  range reveal  t h a t  sea  o t t e r s  
exer t  a profound e f f e c t  on the  nearshore environment, p a r t i c u l a r l y  on 
b io log ica l  community s t r u c t u r e s  of nearshore inver tebra tes .  Habitat  stud- 
ies adjacent  t o  the  sea  o t t e r ' s  range i n d i c a t e  t h a t  these  a reas  w i l l  support 
sea  o t t e r  population expansion. 
Food hab i t s  s t u d i e s  reveal  considerable v a r i a t i o n  i n  t h e  sea o t t e r ' s  
d i e t  depending on the  loca t ion  and t h e  length  of t i m e  o t t e r s  have been i n  
an area.  In  newly colonized areas  where sea  urchins,  abalones and crabs 
a r e  abundant, these  have been observed t o  c o n s t i t u t e  a major por t ion  of 
the  d i e t .  A s  these  become depleted with continued foraging, the  d i e t  
becomes more d iverse  and less preferred  forage items become more s i g n i f i -  
cant  i n  t h e  d i e t .  Human u t i l i z a t i o n  of many sea  o t t e r  forage i t e m s  
v i r t u a l l y  ceases i n  t h e  presence of s i g n i f i c a n t  numbers of foraging o t t e r s  
as forage items become reduced i n  number and s i z e  and a r e  r e s t r i c t e d  t o  
rocky crevices  and o the r  protec ted  h a b i t a t .  
Successful long-term sustenance of sea o t t e r s  i n  c a p t i v i t y  i n  Washing- 
ton S t a t e  has demonstrated t h a t  sea o t t e r s  can be successful ly  maintained 
i n  cap t iv i ty .  Ear ly  i n  our operat ions,  two sea o t t e r s  w e r e  maintained i n  
c a p t i v i t y  a t  Stanford Research ~ n s t i t u t e ' s  Biological  Sonar Laboratory f o r  
nearly 8 months f o r  tagging and o the r  s tudies .  An opportunity t o  f u r t h e r  
our knowledge of t h e  sea o t t e r ' s  behavior, food h a b i t s ,  physiology, med- 
i c a l  care,  etc., is  now poss ib le  through capt ive  s t u d i e s  being developed 
on four  sea o t t e r s  placed i n  c a p t i v i t y  a t  Sea World, San Diego, i n  December 
1972. This information should help t o  assure  t h a t  a heal thy sea o t t e r  
population w i l l  be maintained off  our coast.  
Population dynamics data ,  h a b i t a t  surveys, and food h a b i t s  s t u d i e s  
a l l  ind ica te  t h a t  t h e  sea  o t t e r  population i n  Cal i fornia  is  continuing 
t o  increase  i n  numbers and expand its range. These s t u d i e s  a l s o  i n d i c a t e  
t h a t  t h e  sea o t t e r  i s  d i r e c t l y  responsible f o r  the  l o s s  of spor t  and com- 
mercial abalone and s p o r t  crab f i s h e r i e s  wi th in  t h e  sea  o t t e r ' s  range. 
I f  it were f e a s i b l e  t o  remove s e a  o t t e r s  and prevent them from re-entering 
abalone beds, the  now defunct abalone f i s h e r y  nor th  of Point  Estero could 
most l i k e l y  be returned t o  i ts  former production l eve l .  I f  o t t e r s  were 
removed from the  Point  Buchon area, t h e  remaining spor t  and commercial 
red abalone f i s h e r i e s ,  t h e  developing sea urchin f i she ry  and crab f i sher-  
ies the re  could be saved. 
However, i f  unres t r i c t ed  expansion of sea o t t e r s  is  allowed t o  occur 
i n  Cal i fornia ,  add i t iona l  s p o r t  and commercial resources cur ren t ly  being 
u t i l i z e d  by man w i l l  be adversely af fec ted .  Southward range expansion 
w i l l  b r ing o t t e r s  i n t o  c o n f l i c t  with f i s h e r i e s  f o r  pink and green abalones, 
Pismo and o the r  clams, crabs  and lobs ters .  Northward range expansion, 
a l ready begun, w i l l  c o n f l i c t  with spor t  and commercial abalone and crab 
f i s h e r i e s  along t h e  Santa Cruz - San Mateo coast  and, eventually,  abalone, 
crab, sca l lop  and c l a m  f i s h e r i e s  and possibly oys te r  farming on the  nor th  
coast.  
Since t r ans loca t ion  of sea  o t t e r s  ou t s ide  t h e  present  range i n  Cali- 
fo rn ia  would only compound t h e  problems, the  only p r a c t i c a l  way t o  provide 
f o r  continued human u t i l i z a t i o n  of resources foraged upon by sea o t t e r s  
and a l s o  maintain a healthy population of sea  o t t e r s  i n  Cal i fornia ,  is  t o  
manage a port ion of t h e  coas t  f o r  sea o t t e r s  and l i m i t  t h e i r  range t o  t h a t  
area and to continue to  manage other coastal areas for human resource usage. 
RECOMMENDATIONS 
Research has demonstrated t h a t  a v a r i e t y  of inver tebra te  resources 
used by man have been depleted by the  foraging a c t i v i t i e s  of an expanding 
sea o t t e r  population. Continuing s e a  o t t e r  range expansion w i l l  r e s u l t  
i n  a wider v a r i e t y  of resource uses being adversely af fec ted .  
Research has f u r t h e r  demonstrated t h a t  two bas ic  a l t e r n a t i v e s  a r e  
ava i l ab le  f o r  maintaining the  Cal i fornia  sea  o t t e r  resource: 
1. Protect ion and management of a healthy sea  o t t e r  population 
r e s t r i c t e d  wi th in  geographical l i m i t s  along the  Cal i fornia  
coast.  
2. Protect ion of an unres t r i c t ed  sea  o t t e r  population along t h e  
Cal i fornia  coast .  
The Department bel ieves  t h a t  t h e  rec rea t iona l  and commercial uses of 
our resources a r e  important and benef ic ia l  and w e  cannot allow them t o  be 
destroyed by sea  o t t e r s .  Therefore, it  i s  e s s e n t i a l  t h a t  t h e  sea  o t t e r  
population be r e s t r i c t e d  within geographical l i m i t s .  
Management and r e s t r i c t i o n  of t h e  sea  o t t e r  population within i ts  
present range i n  Cal i fornia  would provide protec t ion f o r  a v a r i e t y  of 
resource uses adjacent t o  the  sea  o t t e r ' s  range. Implementation of re- 
s t r i c t i o n  would probably be f a c i l i t a t e d  by es tab l i sh ing  boundaries f o r  
management i n  the  v i c i n i t y  of long s t r e t c h e s  of sandy beaches and sandy 
benthic h a b i t a t  offshore. Although sea  o t t e r s  forage over sandy areas  
devoid of rocky reef - kelp bed hab i t a t ,  they have not  been observed t o  
e s t a b l i s h  r a f t i n g  groups i n  such areas .  I n  addi t ion ,  long s t r e t c h e s  of 
sandy beaches and sandy offshore h a b i t a t  such a s  occur along Monterey 
Bay appear t o  provide p a r t i a l  b a r r i e r s  t o  range expansion. 
Therefore, i f  resource uses adjacent  t o  the  present  sea  o t t e r ' s  
range a r e  t o  be protected from sea  o t t e r  foraging, i t  is  recommended 
t h a t  : 
1. The sea o t t e r ' s  range be r e s t r i c t e d  i n  the  coas ta l  a rea  between 
Moss Landing, Monterey County, and Morro Bay, San Luis Obispo 
County. These boundaries would al low f o r  some sandy foraging 
hab i t a t  adjacent  t o  the  l a s t  r a f t i n g  h a b i t a t  a t  the  extremes 
of t h e  recommended area.  Establishment of a southern boundary 
i n  t h e  v i c i n i t y  of Avila (near the  next long s t r e t c h  of sandy 
h a b i t a t  along Pismo Beach) would adversely a f f e c t  f i s h e r i e s  
f o r  abalones, crabs and sea  urchins from Morro Bay t o  Avila 
and would present  a high r i s k  f o r  p o t e n t i a l  damage t o  t h e  i m -  
por tant  Pismo clam spor t f i she ry  along Pismo Beach. 
2. A program be developed which w i l l  r e s t r i c t  sea o t t e r s  t o  t h e  
recommended area. 
3. Biological  s t u d i e s  be designed and conducted concurrently t o  
determine the  progress and success of t h e  management a c t i v i t -  
ies. These s tud ies  should provide that :  
a. High priority be given to obtaining much needed additional 
sea otter population dynamics information. Such informa- 
tion must include additional data on birth and death rates, 
sex ratios, age composition, distribution and movements 
throughout the population. 
Much of this information can only be obtained by tagging 
animals throughout the range. It may be necessary to tag 
at least 10% or more of the population to obtain statist- 
ically significant data. 
b. Further ecological studies be conducted throughout the 
range. Such studies should include effects of otters on 
the nearshore environment in terms of sea otter food re- 
sources, effects on kelp bed ecology and characteristics 
of established sea otter habitat. These studies should 
be designed to supply information necessary to establish 
range carrying capacity. 
c. Scientific research on sea otters in captivity be contin- 
ued. Continuing research on captive animals will provide 
further information on physiology, medical care and hus- 
bandry, food habits and behavior. 
d. The program of sea otter carcass recovery, processing, and 
distribution of remains be continued. 
e. When adequate information has been acctlmulated, management 
recommendations be updated to ensure continuance of a healthy 
population of sea otters. 
We recommend against the second management alternative (that of an 
unrestricted sea otter population). Research has demonstrated that many 
valuable marine invertebrates cannot coexist with sea otters in numbers 
and sizes that can be utilized by man. Therefore, to follow this alterna- 
tive would mean that human use of a variety of living marine resources 
would be sacrificed, in addition to those already lost, to sustain the 
expanding sea otter population. 
If the alternative of not restricting the expansion of the sea otter 
population is selected, then the Department's continuing activities should 
be limited to sporadic surveillance and censusing of the population. 
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DATA DOCUMENTING THE =ONE FISHERY - 
SEA OTTER RESOURCE CONFLICT 
Commercial abalone beds i n  t h e  area from Cape San Mart in  t o  Cayucos, a 
d i s t a n c e  of 74 km (46 mi l e s ) ,  harves ted  s i n c e  1929 (Cox, 1962), have been grad- 
u a l l y  abandoned from n o r t h  t o  south.  By t h e  end of t h e  1950's t h e  Cape 
San Martin area was abandoned by commercial d i v e r s  (Glen Bickford, pers .  
commun.). The B e c k e t t t s  Reef area i n  t h e  v i c i n i t y  of Po in t  P i ed ras  Blancas 
became unproductive i n  t h e  e a r l y  1960's and was abandoned about 1964 (Bis- 
sell and Hubbard, 1968). Th i s  area had y i e lded  a good crop of aba lones  
annual ly f o r  over  30 yea r s .  I n  1968, Department of F i sh  and Game b i o l o g i s t s  
p red ic t ed  t h e  c o l l a p s e  of t h e  f i s h e r y  i n  t h e  Cambria-Point Es te ro  a r e a  and 
t h i s  last a r e a  was abandoned by commercial d i v e r s  i n  1971 (Richard Burge, 
pe r s .  commun.). The Cambria-Point Es te ro  area had withstood heavy f i s h i n g  
p re s su re  f o r  n e a r l y  40 years .  
The abandonment of t h e  f i s h i n g  grounds most remote from home p o r t  
f i r s t  w a s  h ighly  unusual s i n c e  t h e i r  remoteness made 1 day t r i p s  from 
Morro Bay un feas ib l e  and t h e  c l o s e s t  anchorage was a t  San Simeon which 
was considered s a f e  only from about May t o  m i d d c t o b e r  (Glen Bickford,  
pe r s .  commun.). Thus t h e s e  beds rece ived  less prolonged p re s su re  each 
season and should have been expected t o  hold up t h e  longes t  i f  over f i sh-  
ing  were occurr ing.  
Red abalone l and ings  a t  San Simeon and Morro Bay r e f l e c t  t h e  dec l in-  
ing harves t  t o  t h e  n o r t h  (Table 1 ) .  The Morro Bay f i g u r e s  i nc lude  landings  
from t h e  Poin t  Buchon-Avila a r e a ,  as w e l l  a s  a small percentage from t h e  
Channel I s l a n d s  and o t h e r  areas and thus  obscure a sha rpe r  d e c l i n e  which 
a c t u a l l y  occurred i n  t h e  beds n o r t h  of Morro Bay. Red abalone landings  
at  Santa Barbara have remained r e l a t i v e l y  s t a b l e  f o r  n e a r l y  20 y e a r s  
(Table 1 ) .  
Departmental Abalone P r o j e c t  surveys of t h e  r ed  abalone popula t ion  
i n  t h e  Cambria-Point Es te ro  a r e a  i n d i c a t e  t h a t  p r i o r  t o  1971 t h e  abalone 
s tocks  i n  t h i s  last very  product ive  a r e a  n o r t h  of Morro Bay had s u f f i c i e n t  
numbers of l e g a l  and sub lega l  r ed  abalones t o  provide f o r  a cont inuing  
sus t a ined  y i e l d  (Figure 1 ) .  However, sampling i n  1971 and 1973 ind ica t ed  
t h a t  a s i g n i f i c a n t  reduct ion  i n  t h e  numbers of a l l  s i z e s  of abalones had 
occurred. Commercial abalone f i s h i n g  has been v i r t u a l l y  non-exis tent  i n  
t h i s  area s i n c e  e a r l y  1971. The dramatic  dep le t ion  of a wide range of 
smaller red abalones could n o t  have been caused by s p o r t  o r  commercial 
abalone harves t ing  i n  t h e  a r e a ,  s i n c e  t h e  minimum s i z e  l i m i t s ,  197 mm 
(7-3/4 inches)  f o r  connnercial and 178  mm (7 inches)  for  sport ha rves t ing ,  
provide a wide margin of s a f e t y  f o r  red  abalone spawning s tocks .  
I n  each case ,  an  i n f l u x  of s e a  o t t e r s  has  occurred a few y e a r s  p r i o r  
t o  t h e  abandonment of abalone beds by commercial d i v e r s  i n  t h e  Cape San 
Martin t o  Cayucos a rea .  By 1950 sea o t t e r s  were s igh ted  o f f  Cape San 
Martin and by 1953 they  were r epo r t ed  as f a r  sou th  as Salmon Creek 
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TABLE 1. Red Abalone Landings i n  Pounds* at San Sirneon, Morro Bay, Avila, 
Santa Barbara and Statewide from 1953 through 1972. 
Year San Simeon Morro Bay Avila Santa Barbara Statewide 
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FIGURE 1. Numbers and s i z e s  of red abalones sampled between Cambria and Point  Estero 
from 1965 through 1973. N = number of abalones.. From 1965 through 1967, 
N includes  only abalones r e t r i e v e d  and measured. Since 1970, N a l s o  in- 
cludes some abalones seen and not r e t r i e v e d  f o r  which s i z e  was eseimated. 
S = number of 4 x 30 m (13 x 100 f t )  t r ansec t s .  Data provided by Dick 
Burge (CDFG Abalone P r o j e c t ) ,  who plans  t o  analyze and publ ish them l a t e r .  
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(Peterson and Odemar, 1969). I n  1956, 93 sea  o t t e r s  were reported from 
Salmon Creek to  Point Piedras  Blancas (Boolootian, 1961). By 1969, sea 
o t t e r s  were regular ly  seen between Cambria and Point  Estero and i n  1972 
near Cayucos. I n  January 1973 the  sea  o t t e r ' s  range was extended t o  Point  
Buchon. The Avila and remaining Morro Bay landings can be expected t o  
decl ine  a s  sea  o t t e r  foraging begins t o  a f f e c t  t h e  harves t  south of Morro 
Bay. 
Records of sea  o t t e r  range expansion along with spor t  f i sh ing  data  
reveal  t h a t  t rends  p a r a l l e l i n g  those observed i n  the  commercial abalone 
f i she ry  nor th  of Morro Bay a l s o  occurred i n  the  spor t  f i s h e r y  f o r  abalones 
from Monterey t o  Point  Estero. 
Miller and Gotshall  (1965) repor t  t h a t  i n  1960 spor t  d ive r s  took 
nearly 10 thousand abalones along t h e  253 km (157 miles)  of coas t l ine  
from Seaside t o  Pismo Beach. However, ana lys i s  of the  o r i g i n a l  da ta  re- 
vea l s  t h a t  very few of these  abalones came from t h e  l a r g e  a rea  between 
Point  Pinos and Point  Piedras Blancas (Figure 2) .  The sea  o t t e r  popula- 
t i o n  a t  t h a t  t i m e  ranged from about Point  Pinos t o  t h e  v i c i n i t y  of San 
S imeon . 
A survey i n  1972 revealed a dramatic increase  i n  the  spor t  take of 
abalones outs ide  the  sea o t t e r ' s  range, while the spor t  take of abalones 
had v i r t u a l l y  ceased where the  sea  o t t e r ' s  range had expanded t o  t h e  nor th  
and south (Figure 2). By e a r l y  1972 the  sea  o t t e r  population ranged be- 
tween Seaside and Cayucos. By the  end of 1972 the  spor t  abalone take a t  
Cayucos a l s o  had v i r t u a l l y  ceased (Daniel Miller, pers.  commun.). 
Along t h e  shor t  s t r e t c h  of coast between Point  Pinos and Monterey, 
where approximately 5 thousand red abalones w e r e  taken by skindivers  i n  
1960 (Miller and Gotshall ,  1965), an estimated 25 were taken i n  1972. 
Mil ler  (pers. commun.) a l s o  repor t s  t h a t  "In 1960 the  a rea  from Point  
Piedras Blancas t o  Cambria (near Point  Estero) yielded the  h ighes t  spor t  
abalone-per-hour values i n  a l l  c e n t r a l  and northern Cal i fornia .  However, 
not  a s i n g l e  abalone was taken by the  52 d ive rs  interviewed between Point  
Piedras Blancas and Cambria i n  1972." 
In  addi t ion ,  Miller repor t s  tha t  t h e  spor t  take of o ther  inver tebra tes ,  
such a s  red and rock crabs and sea  urchins,  i s  s i g n i f i c a n t l y  l e s s  within 
than without t h e  sea  o t t e r ' s  range. 
The impact of t h e  sea o t t e r  range expansion was d i f f i c u l t  t o  assess  
i n i t i a l l y ,  due t o  a warm water period from 1957 t o  1959 reducing kelp 
and abalone growth i n  some a reas  (Cox, 1962), t h e  concurrent lowering 
of the  s i z e  l i m i t  of commercial abalones from 203 mm t o  197 mm (8 inches 
t o  7-314 inches) i n  1959, t h e  e a r l i e r  l ack  of long term abalone spor t f i sh -  
ing data,  and sparse  information on food h a b i t s  and behavior of sea o t t e r s  
i n  California.  
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I Abalone Taken  
* The sea otter's "range" is the area in which numbers of sea otters have been 
foraging for several years. 
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A considerable amount of additional information has been accumulated 
which provides firm evidence of the profound effect sea otters exert on 
the nearshore environment. This information also indicates the devastat- 
ing effect that sea otters can have on sport and commercial harvests of 
certain invertebrates foraged upon by sea otters. 
An extensive Departmental diving survey conducted in 1967 from Mont- 
erey to Point Estero revealed that throughout the sea otter's range 
preferred sea otter forage items including sea urchins, abalones, and 
rock crabs were severely reduced in numbers and restricted to protected 
habitat. However, from Cambria to Point Estero, where otters were not 
in significant numbers and commercial divers were still operating, these 
same organisms were more abundant and more readily available in open habi- 
tat (Ebert, 1968b) (Table 2, Figure 3). Recent surveys reveal that the 
depletion of these organisms now extends into the Cambria-Point Estero 
area (Burge, 1973). The significant observation is that, where otters 
forage intensively not only are abalones reduced in numbers and limited 
to protected habitat, but that other preferred sea otter forage items 
such as sea urchins and crabs, even in areas where they are not subjected 
to sport or commercial harvest, are similarly affected. 
The impact of sea otters on the abalone resource can further be dem- 
onstrated from the knowledge of sea otter food requirements and feeding 
behavior, the percent of abalones observed in the diet in newly colonized 
areas in the vicinity of abalone fisheries; and the number and average 
weight of sea otters present in such areas. 
Sea otters in captivity have been found to require 20 to 35% of their 
body weight in food each day (Stullken and Kirkpatrick, 1955; Kenyon, 1969). 
Two adult sea otters in captivity in California were found to require 25% 
of their body weight in food each day (Richard Hubbard, DVM pers. commun.). 
A sea otter in the wild may require more food because of higher energy 
expenditure. Food habits studies of sea otters in newly colonized areas 
near commercial ablone beds reveal that abalones constituted 63% (Ebert, 
1968a) to 72% of the items observed in their diet. 
The range expansion and influx of sea otters into the Cambria-Point 
Estero area have been well documented. In 1967, 15 to 30 sea otters were 
observed in this area (Bissell and Hubbard, 1968). In 1968, a maximum of 
62 sea otters was observed there (Wilson, 1968b). During 1969, 1970 and 
1971 as many as 129, 165 and 187 sea otters, respectively, were observed 
in the Cambria-Point Estero area (Wilson, 1969a; Wilson and Odemar, 1970; 
Wild, 1971). 
Twenty-one sea otters captured and weighed at Cambria in 1969 ranged 
from 16 to 34 kg (36 to 76 lb) with an average weight of 26 kg (57 lb) . 
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TABLE 2. Abundance of Species Determined During a Sea Otter Census and Habitat Survey of Sta t ions  i n  
Six  Regions of the  Central Cal i fornia  Coast, P a c i f i c  Grove t o  Point  Estero, October 17, 18,  
and 19, 1967.* 
- -~ 
Region (See Fig.  3) 
Number of Sta t ions  15  10 16 16 16 1 8  
SPECIES 
Giant kelp 
ikcrocystis angusti foZia 
Bull kelp 
iJereocystis Zeutkeana 
Tree kelp 
Pterygophom caZi fornica 
Red abalone 
HaZiotis rufescens 
Flat  abalone 
H .  waZaZ Zensis 
Pinto abalone 
H .  kamtschatkana 
Rock crab 
Cancer antennurLus 
Spider crab 
Loxorhynchus grandis 
APPENDIX I 
TABLE 2 (continued) 
Region (See Fig. 3) I I1 I11 I V  V V I  
~ k b e r  of S ta t ions  1 5  10  16 16 16  18  
SPECIES 
Kelp crab 
Pugettia producta 
Red s e a  urcnin 
Strongy Zocentrotus franciscanus 
Purple  s e a  urchin 
S. purpuratus 
Rock s c a l l o p  
Himi t e s  muZtirugosus 
Gumboot ch i ton  
Cryptochiton s t e  Z Zeri 
Southern s e a  o t t e r  
Ennydra Zutris nereis  
* After  Ebert,  1968b. 
** Abundance symbols S - Sparse - s c a t t e r e d  throughout t h e  a r e a  bu t  nowhere numerous. 
M - Moderate - presen t  throughout t h e  a r e a  and only occas iona l ly  numerous. 
D - Dense - numerous and evenly d i s t r i b u t e d  throughout the  a rea .  
() - Parentheses  denotes  organisms occurr ing  i n  p r o t e c t i v e  niches.  T o t a l  
f o r  a p a r t i c u l a r  organism i s  t h e  sum of both va lues .  
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PFEIFFER PT. 
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- 
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Figure 3. Central California Coast. Diving stations were established 
at approximately 1-mile intervals, in  s i x  regions, between 
Pacific Grove and P t .  Estero (from Ebert, 1968b). 
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The preceding information makes i t  p o s s i b l e  t o  c a l c u l a t e  t h e  e f f e c t  
t h a t  a s  few a s  100 sea  o t t e r s  can have on abalone popula t ions  wi th in  a 
r e l a t i v e l y  s h o r t  t ime period.  I n  newly colonized a r e a s  where abalones 
a r e  abundant, 100 sea  o t t e r s  could consume from 230 thousand t o  460 thou- 
sand kg (0.5 t o  1 .0  m i l l i o n  l b )  of abalone (whole weight) i n  1 year .  The 
c a l c u l a t i o n s  from which these  f i g u r e s  a r e  der ived a r e  a s  fol lows:  
The percentages of abalone observed i n  t h e  s e a  o t t e r ' s  d i e t  i n  
newly colonized a r e a s  a r e :  
P ico  Creek, 1966 63% (Eber t ,  1968a) 
Po in t  Es te ro ,  1971 72% (Food Habits  S tud ie s ,  t h i s  r e p o r t )  
These percentages a r e  by number of organisms ea t en ,  no t  by weight.  Since 
t h e  biomass of abalones i s  i n  genera l  much g r e a t e r  than f o r  o the r  organisms 
i n  t he  d i e t ,  t h e  percent  by weight would be much h igher .  This  i s  p a r t i c -  
u l a r l y  t r u e  i n  newly colonized a r e a s  where t h e r e  i s  an abundance of l a r g e  
abalones.  
Ebert (1968a) r e p o r t s  : 
One 178 mm (7 inch)  red  abalone equals :  63.0 s e a  mussels 
o r :  10.7 rock s c a l l o p s  
o r :  3 .0 r ed  sea  urchins  
o r :  31.6 pu rp le  sea  urchins  
o r :  2.2 gaper clams 
Ebert  (pers .  commun.) a l s o  r epo r t s :  
Red abalone biomass: ( a l l  s o f t  p a r t s )  
S h e l l  Diameter 
mm - ( inches)  
Weight 
!.% ( l b )  
I n  t he  fol lowing c a l c u l a t i o n s  we have assumed t h e  percent  of abalones 
i n  t he  d i e t  by number t o  be equal  t o  t h e  percent  by weight ,  recognizing 
t h a t  t h e  r e s u l t s  a r e  probably conserva t ive .  
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If 63% of the diet is abalone, a 26 kg (57 lb) sea otter may 
consume from 3.3 to 5.6 kg (7.2 to 12.3 lb) of abalone per day. 
If 72% of the dlet is abalone, the same size otter may consume 
from 4.6 to 6.6 kg (10.0 to 14.4 lb) per day. 
Since commercial abalone landings are based on whole weight 
(shell and soft parts) which is figured at 22.7 kg (50 lb) per 
dozen, a conversion actor is needed to compare sea otter con- 1 f sumption by biomass- to commercial landings. 
Using a 203 mm (8 inch) abalone with 1 kg (2.2 lb) of biomass 
as a basis, a dozen 203 mm (8 inch) abalones would weigh 12 kg 
(26.4 lb). At 22.7 kg (50 lb) per dozen whole weight, a conver- 
sion factor for converting biomass to whole weight is obtained as 
follows : 
22*7 kg wt) = 1.9 = conversion factor 12.0 kg (biomass) 
Smaller abalones would give higher conversion factors while 
larger ones would give smaller conversion factors. A 203 mm (8 
inch) red abalone is assumed to be about average for purposes of 
computing a conversion factor because the minimum legal commercial 
size for red abalone is 197 mm (7-3/4 inches). Therefore, using 
possible-minimum, 3.3 kg (7.2 lb), and maximum, 6.6 kg (14.4 lb), 
daily consumption figures, 
1.9 x 3.3 kg = 6.3 kg (1.9 x 7.2 lb = 13.7 .lb) of abalone 
(whole weight) per day per otter; 
and 1.9 x 6.6 kg = 12.6 kg (1.9 x 14.4 lb = 27.4 lb) of abalone 
(whole weight) per day per otter. 
Then, the probable whole weight consumption of abalone by 100 
otters in a year is determined as follows: 
6.3 kg x 365 x 100 = 229,995 kg (13.7 lb x 365 x 100 = 500,050 lb) 
12.6 kg x 365 x 100 = 459,900 kg (27.4 lb x 365 x 100 = 1,000,100 lb) 
Therefore, using all the available data, in newly colonized areas 
where abalones are abundant, 100 sea otters could consume from 230 
thousand to 460 thousand kg (0.5 to 1 . 0  m i l l i o n  l b )  of abalone (whole 
weight) in a year's time. 
l/I?or purposes of these calculations biomass is considered to be the dif- 
ference between total wet weight and shell weight. 
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A 203 mm ( 8  inch)  abalone con ta ins  2 t i m e s  t h e  biomass of a 153 mm 
(6 inch)  abalone and more than 7 times t h e  biomass of a 102 mm (4  inch)  
abalone. Thus, sea o t t e r s  would r e q u i r e  twice t h e  number of 153 mm (6 
inch)  abalones and more than  7 t i m e s  t h e  number of  102 mm (4 inch)  abalones 
t o  equal  t h e  food recovery from a 203 mm (8  inch)  abalone and correspond- 
i n g l y  more f o r  sma l l e r  s i z e s .  Because s e a  o t t e r s  f eed  on abalones of a l l  
s i z e s  t h e  impact on spawning s tock  and recru i tment  i s  considerable .  
Since sea o t t e r s  u t i l i z e  abalones i n  a wide range of s i z e s ,  they  re- 
duce t h e  spawning s tock  necessary  t o  pe rpe tua t e  a l a r g e  sus t a ined  y i e l d  
f i s h e r y .  The l a r g e  sus t a ined  y i e l d  abalone f i s h e r y  which e x i s t e d  i n  t h e  
a r e a  n o r t h  of Po in t  Es te ro  f o r  many yea r s  (Table 1 )  w a s  based on s c i e n t i f i c  
management techniques which p ro t ec t ed  spawning s tock  and recrui tment .  The 
evidence i n d i c a t e s  t h a t  t h e  l o s s  of s p o r t  and commercial abalone f i s h e r i e s  
which once ex i s t ed  i n  t h e  sea  o t t e r ' s  p re sen t  range has  r e s u l t e d  from t h e  
foraging  a c t i v i t i e s  of an expanding s e a  o t t e r  populat ion.  
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SEA OTTER DENSITY WCULATION DATA 
Table 1. Sea-Otter Density Calculation Data fo r  ~ n t i r e  Established Range. 
* lumbers i n  parentheses denote animals observed outside the establ ished range a t  
the time. These numbers were excluded from density calculat ions and, therefore, 
population estimates i n  some cases d i f f e r  s l i g h t l y  from t o t a l  population e s t i -  
mates i n  section on Population Dynamics, Table 1. 
Adj ust- Popula- Density 
Aerial ment t ion  f i l e s 2  of ( 0 t t ~ r s l  
Date Count* Factor? Estimate ~ a b i t a t $  Mile ) 
Nov 8, 1968 663 (1) 65% 1020 116.9 8.7 
Dec 20, 1968 377 30% 125 7 116.9 10.8 
Jan 31, 1969 983 75% 1311 116.9 11.2 
Feb 10, 1969 770 60% 1283 116.9 11.0 
Mar 10, 1969 931 70% 1330 116.9 11.4 
Jun 2, 1969 1014 75% 1352 116.9 11.6 
Aug 1, 1969 529 45% 1176 116.9 10.1 
Oct 6, 1969 483. 35% 1380 116.9 11.8 
Dec 1, 1969 649 5 0% 1298 116.9 11.1 - 
Map 6, 1970 313 (1) 75% 417 1 116.9 13.0 May 7, 1970 717 (91 65% -1103 
1030(10) 1520 
Sep l6;17, 1970 611 (1) 50% 1222 116.9 10.5 
Feb 12-13, 1971 715 (3) ,50% 1430 '116.9 12.2 
Apr 15-16, 1971 899 (3) 60% 1498 116.9 12.8 
Jun 30, 1971 - 
J u l  1, 1971 956 (3) 60% 1593 116.9 13.6 
Oct 5-6, 1971 707 (8) 45% 1571 116.9 13.4 
Jan 4-5, 1972 1059 (1) 65% 1629 121.96 13.4 
Apr 19, 1972 377 35% 1 121.95 13.8 Apr 20, 1972 - 393 65% 605 
-
770 1682 
t See section on Population Dynamics, Table 1. 
2 $ Area between the shoreline and the 37 m (20 fathom) contour. 1 mlle2 = 2.590 lun . 
Average 
hull 
Density 
1968 
9.8 
1969 . 
11.2 
1970 
11.8 
1971 
13.1 
1972 
13.6 
2 I Established range i n  January 1972 was Seaside t o  Poiyt Estero (116.9 miles ), but 
i n  April 1972 i t  was Seaside to  Cqyucos (126.9 miles ). These were averaged to  
get habitat  for  1972 (121.9 miles ). 
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TABLE 2. Sea Otter Density Calculation Data for Portion of Established Range 
Between North and South Sea Otter Game Refuge Boundaries. 
Adjust- Popula- Density 
Aerial ment t ion niles2 of (Ottprsl 
Date Count Factor* Estimate Habitatt Mile ) 
Feb 10, 1969 467 60% 7 78 92.2 8.4 
Mar 10, 1969 569 70% 813 , 92.2 8.8 
Jun 2, 1969 741 75% 988 92.2 10.7 
Average 
Annual 
Density 
Nov 8, 1968 438 65% 674 92.2 7.3 
Dec 20, 1968 259 30% 863 92.2 9.4 
Jan 31, 1969 694 75% 925 92.2 10.0 
Aug 1, 1969 373 45% 829 92.2 9.0 1 9'5 
1968 
8.4 
1969 
Oct 6, 1969 313 35% 894 92.2 9.7 
Dec 1, 1969 45 7 5 0% 914 92.2 9.9 $ 
May 6, 1970 9 9 75% 132 1 92.2 10.8 May 7, 1970 - 561 65% 86 3 
-
660 99 5 
Apr 15-16, 1971 465 60% 775 92.2 8.4 1 
1970 
10.0 
Sep 16-17, 1970 429 50% 858 92.2 9.3 
Feb 12-13, 1971 488 50% 976 92.2 10.6 
Jun 3.0, 1971 - 
Jul 1, 1971 525 60% 875 92.2 9.5 I 9.7 
1971 
Apr 19, 1972 15 3 65% 235 
Apr 20, 1972 286 35% 817 92.2 
-
439 1052 
Oct 5-6, 1971 423 45% 940 92.2 10.2 
% 
Jan 4-5, 1972 84 3 65 % 1297 92.2 14.1 
* See section on Population Dynamics, Table 1. 
2 t Area between the shoreline and 37 m (20 fathom) contour. 1 mile2 = 2.590 km . 
1972 
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Table 3. Sea Otter Density Calculations Data for Portion of Established Range 
North of Sea Otter Game Refuge. 
* Numbers in parentheses denote animals observed outside the established range 
at the time and were excluded from density calaulations. 
t See section on Population Dynamics, Table 1. 
2 $ Area between the shoreline and 37 m (20 fathom) contour. 1 mile2 = 2.590 km . 
Adjust- Popula- Density 
Aerial ment tion Miles2 pf (0ttrs 
Date Count* Factor? Estimate Habitat Mile ) 
Nov 8, 1968 163 65% 251 13.4 18.7 
84 30% 280 13.4 20.9 Dec 20, 1968 
Jan 31, 1969 172 75% 229 13.4 17.1 
Feb 10, 1969 203 60% 338 13.4 25.2 
Mar 10, 1969 233 70% 333 13.4 24.9 
Jun 2, 1969 233 75% 311 13.4 23.2 
Aug 1,' 1969 9 7 45% 216 13.4 16.1 
Oct 6, 1969 12 7 35% 363 13.4 27.1 
k c  1, 1969 151 50% 302 ' 13.4 22.5 
May 6, 1970 214 (1) 75% 2 85 13.4 21.3 
Sep 16, 1970 137 (1) 50% 274 13.4 . 20.4 
Peb 12, 1971 167 (3) 50% 334 13.4 24.9 
Apr 15, 1971 272 (3) 60% 453 13.4 33.8 
Jun 30, 1971 247 60% 412 13.4 30.7 
Jul 
Oct 6, 1971 205 (1) 45% 456 13.4 34.0 
Jan 5, 1972 141 (1) 65% 217 13.4 16.2 
Apr 20, 1972 240 65% 369 13'. 4 27.5 
Average 
Annual 
Density 
1968 
19.8 
1969 
22.3 
1970 
20.8 
1971 
30.8 
1972 
21.8 
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TABLE 4. Sea O t t e r  Density Ca lcu la t ion  Data f o r  Por t ion  of Establ ished Range 
South of Sea O t t e r  Game Refuge. 
Nov 8, 1968 62 (1) 65% 95 11.3 8.4 1 1 9 6 8  
Adjust- Popula- Density 
Aer ia l  ment t ion Fliles2 p f  ( ~ t t $ r s /  
Date Count* Fac to r t  Estimate Habi ta t  Mile ) 
Average 
Annual 
Density 
Feb 10, 1969 100 6 0% 16 7 11.3 14.8 1 
Dec 20, 1968 .3 4 30% 11 3 11.3  10.0 
Jan 31, 1969 11 7 75% 156 11.3 13.8 
Mar 10, 1969 129 70% ' 184 11.3 16.3 1 
9.2 
1969 
Jun 2, 1969 40 75% 53 11.3 4.7 
Aug 1, 1969 59 45% 131 11.3 11.6 
Oct 6 ,  1969 4 3 35% 123 11.3 10.9 
11.3 
Dec 1, 1969 41 50% 82 11.3 7.3 
May 7, 1970 156 (9) 65% 240 11.3 21.2 1970 
Sep 17, 1970 45 50% 90 l1.3. 8.0' 
Feb 13, 1971 60 50% 120 11.3 10.6 
14.6 
1971 
Apr 16,  1971 162 60% 270 11.3 23.9 
J u l  1, 1971 184 (3) 60% 307 11.3 27.2 
19.3 
Oct 5,  1971 79 (7) 45% 176 11.3 15.6 
Jan 4, 1972 75 65% 115 16.35 7.1 
* Numbers i n  parentheses  denote animals observed o u t s i d e  t h e  e s t a b l i s h e d  range 
at  t h e  time and were excluded from dens i ty  c a l c u l a t i o n s .  
t See s e c t i o n  on Population Dynamics, Table 1. 
1972 
Apr 19, 1972 9 1 35% 260 16.39 16.0 
$ Area between t h e  shore l ine  and 37 m (20 fathom) contour. 1 mile2 = 2.590 km2. 
11.6 
§ The por t iog  of t h e  e s t a b l i s h e d  range south  3f t h e  Sea O t t e r  Game Refuge was 
11.3 miles  i n  Janyary 1972, but  21.3 mi les  i n  Apr i l  1972. These were aver- 
aged t o  16.3 miles  f o r  dens i ty  ca lcu la t ion .  
